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PREFACE, 


LiSD-SimvEnTa  is  perliaps  the  olJest  of  the  mathcmoticnl  nrts.  Indoedi 
Geo[netry*ilfi(?lf.  us  its  name— "Land-measuring"— implies,  is  eaid  to 
liavO  aris«a  froia  tliO  cflwtti  of  tho  Egyptian  sages  tecaver  and  to  Gx 
tlio  land-niiirlfs  aaoually  swept  aws;  hy  the  inuaJxtions  of  the  Nile. 
The  art  is  aifo  one  of  the  mast  important  at  tha  pre»ent  ioy,  ds  dotor^ 
micinv  tho  tklc  to  land,  tho  fonndaliAn  of  lha  nhc>le  v^nltk  of  lh« 
world.  It  b  besiJea  one  of  tlic  most  useful  as  a  study,  from  its 
Btriking  exDinptiScalJoDa of  tho  practical  liearinga  of  abstract  mathematjcg. 
Dot,  BlTMgely  enough,  Snrreying  has  nover  jet  bean  reduced  to  a  Byateni- 
atic  and  qnnmotric  nliole.  To  cSbet  tlua,  hj  lo^Lug  th-e  art  on  n  fen 
simple  priaciples,  aail  trailing  them  out  into  their  complicated  rannficatione 
and  rariod  applications  (^wUioU  extend  from  the  lUGasureincQt  of  "  a  mow- 
ing Jot "  to  tliat  of  tho  Heayens),  has  boea  the  earnest  eadcaror  of  tiie- 
present  writer. 

The  work,  in  its  Inception ,  grew  ont  of  the  anthor's  own  needs.  Teaofc* 
\ag  Surveying,  as  prioUinLna;ry  to  a  course  of  Civil  Engiaeering.  he 
fuund  none  of  the  books  in  uso  (iboogli  rery  excellent  in  many  respects) 
called  to  bis  parp<i;c-  He  wxi  therefore  compelled  to  leach  the  subject 
by  \  MtnbtQ^tion  of  fumilLAr  lectures  on  its  prindpEcs  and  ezompMca- 
tioiLS  of  its  practice.  His  notes  cootinually  swelling  in  bulk,  gradaally 
bceame  ey^tcniatized  in  nearly  their  present  form,  anil  ia  ISol  ho  printed 
A  synopsis  of  them  for  tbo  aso  of  hid  olasaed.  Hid  Eyst^m  has  thus 
l)Ccu  fully  tcstoil,  and  the  present  volume  is  dio  result. 


A  doublo  atj-GCt  Las  haaa  kept  in  view  in  its  prepamtiOD;  viz.  ta 
produce  a  very  plain  iiitroiI^Gtion  to  llio  subject,  eaay  to  be  mastered  bj 
ihe  JouQg  soliolar  ai  tbe  practical  mail  of  little  previous  acquirement, 
tha  aa\j  pre-TGC[uisites  being  aritbtnctic  nnd  n  little  geometry;  and  at  ibe 
SAiua  time  to  make  tlio  instruction  of  such  a  ctiarnoter  us  ta  lay  a  founds 
tioQ  broAil  cnougli  and  deep  enou^b  ihit  moat  camplctc  snpcrstructara 
wbicli  tho  pryfossional  student  maj  subsequently  wish  to  roiaa  upott  it 

For  tbc  coavoaienM  of  taoie  Tishitig  to  ma.lce  s  hcistj  examination  of 
the  hook,  a  suntTuary  of  some  of  its  leading  pulnta  and  most  peculiar 
fbatoxoa  will  licre  be  given. 

I.  All  the  ap€ralicni  of  Surveyingi  art  deduced  fr^m  only  jime  $imph 
principlet.  These  principlea  are  etiunciutcd  and  illustrated  in  Chapter  1, 
of  Part  1.  They  will  bo  at  once  recogRized  by  tho  Oeomelor  as  familiar 
fijstcnia  of  "  Coordinates ;"  hut  tlicy  wore  not  !ierc  nrbitrnrily  aMuniod  in 
odTtUQCG.  Tbey  wero  arrived  at  most  prnclically  by  anuljdng  all  tlie 
namerous  and  incoiignious  metboda  and  contrivances  employed  in  Sur- 
veying, and  rejecting,  -one  after  another,  nil  extraneoup  and  nonH3aseatial 
portions,  tJiiia  reducing  doirn  tho  operations,  one  by  one  nnd  etep  bj 
Btep,  to  mora  and  more  general  and  comprchensire  lays,  till  ab  last., 
by  continunl  elimination,  tUcy  wctq  unespcclodly  resolved  into  tbesc 
law  and  simple  principlt'B ;  BpOtt  wbiek  jt  ia  Licre  attetnptod  to  build  up 
a  symmetrical  Eyatcm. 

TI.  Thfl  throe  operntiona  common  to  cll  kinds  of  LanJ-sur\-eying,  vis. 
Making  tbo  MGoaurcmeDls,  DraTring  the  3Isp5,  and  Calculating  tlio 
Contents,  aro  fully  examined  in  advance,  in  Fart  I,  Chapters  2,  3,  4^ 
60  that  wlion  tba  various  mellioda  of  Sur^'eying  nro  subsequentty  taken 
Dp,  only  the  few  new  points  wliicli  are  peculiar  to  each,  require  to  bo 
explained. 

EbjsIi  kind  of  Surveying,  founded  on  one  of  tlie  Eve  fiinJimental  prin- 
eiplos,  is  then  explained  in  its  turn,  in  (bo  sucoossire  I'srts,  and  K2ch 
oarofuily  kept  distinct  from  Ihe  rest. 
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HI.  A  comple'tc  tystam  ot  Survc^iDg  nlth  ooly  a  cti&in,  a  ro]ic,  or 
SDj  substitute,  (inv&lunblQ  to  famera  haring  n4  othor  ia^tmmoDts,)  V 
Tery  fully  developed  in  Part  11 

IV.  Th*  variuiis  Problems  in  Cbapter  5,  i>f  Part  II,  will  be  fouiMl 
to  oanstitutc  &  cours«  of  practicikl  Ocoinclrj  on  t!he  ground.  As  snme 
of  tlieir  demoastrations  iaralv^  tbo  "Theory  of  TrannTmob,  etc,"  (a 
bcauliful  supplement  lo  tha  ordinary  Geometry),  a  carefully  digested 
Buramary  of  its  principal  Tlii^orems  is  bere  given,  fur  the  firtt  time  in 
English,    It  Vill  bo  foand  m  Appendi^c  B. 

v.  In  Compias  SarToying,  Part  III.  the  Field  work,  In  Chapter  3, 
13  adapted  to  our  Anierii^aa  prnctico  ;  some  navt  modes  of  platting  bear 
ingB  aro  girea  in  Chapter  4,  and  in  Chapter  0,  the  rct^langular  mclhi*i 
of  calcnlating  contents  b  niach  simplified. 

VI.  The  effects  of  the  continual  ehango  in  the  Vftrlaiion  of  the  mag 
netio  cecJlo  uplift  tho  surveys  of  eld  liaw,  the  tlifficnUies  eausot  by  it 
and  the  means  of  rcmfidying  them,  are  treal«d  of  with  great  minuteness 
of  practical  detail.  A  ae\t  table  ha,s  heen.  caleubitod  for  the  liino  of 
"gife&te£t  Azimuth,"  those  in  common  us<3  being  the  some  as  the  oiM> 
prepared  by  Gnmniere  in  1814,  and  consequently  greatly  in  error  nov 
Irom  tho  cliango  of  place  of  tho  Nwrth  St.ir  Binco  that  date. 

VII.  In  Part  IV,  in  Chapter  1,  tho  TranEtt  and  Theodolita  aro 
cxphuncd  in  every  point|;  in  Chapter  2,  all  forma  rf  VernicrH  arc  shewn 
by  immarous  engranngs;  and  in  Cbapter  3,  the  Adjustments  ar& 
clocidated  by  some  novel  modes  of  illustration. 

VIII.  In  Part  VII,  will  ho  found  all  the  hest  methods  of  orercomiog 
obstieles  to  sight  and  to  measurement  in  angutnr  Surveying. 

TX.  Pitrt  XI  contains  a  very  complete  and  systematic  collection  of 
the  principal  problems  In  the  Division  of  Land. 

X.  Tho  Methods  of  Surveying  the  Public  Lands  of  the  United  States, 
of  marking  linos  and  eorners.  &o.,  are  given  in  Part  XII,  from  offici;^ 
doeuiuunts,  with  gr«at  minutcQess ;  since  Ibo  aubject  interests  so  many 
bud-owners  residing  in  the  Eastern  as  well  as  fn  the  Western  StatOB. 


LlND-SmrETING. 


XI.  Tiie  Tables  comprise  a  Traverse  Table,  compuled  for  tlia  Toluma, 
and  giving  incrcJiseil  accuracy  in  one-fifteenth  of  tlio  usual  space;  a 
7i/i/e  of  Chords,  opponring  for  tiio  first  time  in  KngJisli,  und  Bupplj'mg 
tbe  most  accurate  molbo-il  of  plubtiag  angles;  and  a  TaMe  of  o&Carn.] 
Simi  and  Tan^ls.  The  ususl  Lo^rithmic  Tatles  are  also  givtih 
Tlio  lablea  ara  priute<l  on  tinted  paper,  on  tbe  eye-savirg  principle  of 

Srr.  The  great  number  of  oagrared  UlustrationB,  most  of  them  crig- 
innl,  is  a  peculiar  feature  of  thia  volume,  sug;gested  by  fto  esperloncc  of 
tlio  apthor  that  one  diagram  is  irorth  a  page  of  print  in  giving  clcurncsB 
nuJ  (leGnitcncsa  to  tho  ■otherwise  vagiic  conceptions  of  a  student. 

XILI.  Tha  practicjil  dotoils,  ami  binls  to  the  young  Surveyor,  have 
booa  mtulc  eseeedifiglj  full  li/it  thorough  csaminatioa  of  more  tkaa  &Hy 
works  on  the  Eubject,  by  English,  French  anil  Ocnuan  writers,  eo  ah  to 
m»k>c  it  Goi  tain  lliat  nothing  which  eoiil-d  ho  useful  had  been  overlooked. 
It  would  bo  iniposj:iblo  to  credit  oach  item  (though  thi^  \iass  been  most 
ecrupubuslj  done  iu  t!io  few  cases  in  which  an  Amcricaa  writer  lias  bucn 
pjferrod  to),  but  the  principal  names  are  thceer  Adams,  Ainslie,  Baker, 
Ijegnt,  Belcher,  Bourgeois,  Bourns,  Brecs,  Bmff,  Burr,  CssLlei  Fnui- 
coeur,  Fromc,  GalWailli,  Gibson,  Guy,  Hogard,  Jackson,  Lamotle, 
Lofifvre,  Masuheroni,  Narrieu,  HcHbitt,  Penrson,  PuiSlc,  Pulfsatit,  Rtg- 
aault,  HicHard,  Sorrot,  Simms,  Stayonsou,  Wci^bach,  ^Villiafns- 

Sbuuld  any  iaipnitant  error,  eitlier  of  printer  or  author,  be  discOTered 
(fl3  is  very  p<i5siblo  in  a  work  of  eo  itiueh  dtitail,  despite  tlio  great  eara 
asai)  tLic  vtilot  would  be  mucEi  obliged  by  its  prompt  coiuraunicatiou. 

The  prcin'.it  volume  will  be  ftllO'Wcd  by  sndbcr  OB  Levelliso  asb 
EliQiirii  &.itvi:vi»'0 :  embracing  Lcvelttn;]  (wilb  Spirit-Level,  Tlieodo- 
Ute,  Baromoler,  ele.)  ;  its  applications  in  Tvpografliy  or  Ilill-drawing, 
in  Mining  Surveys,  etc. ;  the  Sextant,  and  other  reflecting  instruments; 
Mctritime  Sunxyingi  and  Gcodtsr/,  with  its  practical  Astronomy- 
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LMD-SURVEIISa 


PAKT  I. 
GENERAL  PRINCIPLES 

AND 

FUNDAMENTAL  OPERATIONS. 
CHAPTER  I 

DEFmiTIO\$  A\D  METHODS. 

(I)  SnRTErrsQ  ia  the  art  of  maldng  such  mcaaurementa  as  will 
detomuDe  the  relative  poaitiona  of  any  points  on  the  Burfaee  of  the 
earth ;  so  that  a  Map  of  any  portion  of  that  surface  may  be  ■dra^vn, 
ud  its  Content  calcaliited. 

(t)  The  position  of  a  point  is  siud  to  be  determined,  when  it  ia 
known  liow  far  that  point  is  from  one  or  more  given  poinia,  and  in 
■what  direction  there-from ;  or  how  far  it  is  in  firout  of  them  oi 
behind  them,  and  how  far  to  their  right  or  to  thcii"  Ifft,  ke;  so 
that  the  place  of  the  firgfc  point,  if  loat,  could  le  again  found  by 
repeadng  these  measurements  in  the  contrary  direcdon. 

The  "  jwints"  nliich  are  to  he  determined  iu  Surveying,  are  not 
the  mathematical  points  treated  of  in  Geometry ;  but  the  comera 
of  fences,  boundary  stones,  trees,  Ind  the  like,  which  are  mere 
points  in  comparison  with  the  extensive  surfaces  and  areas  wliich 
they  arc  the  means  of  determming.  In  strictness,  their  centres 
duuld  be  regarded  as  the  points  alluded  to. 
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(3>  A  Btraiglit  Line  is  "determined,"  that  is,  has  its  length 
and  its  jwsitlon  known  ttad  fixed,  wh«n  the  points  at  its  e\'trem- 
itioa  are  determined ;  and  a  plane  Surface  liaa  its  form  and  dimen- 
sions determined,  when  the  lines  which  bound  it  are  detcnnined. 
Consequently,  the  determuiation  of  tho  relative  positions  points 
Is  all  that  IS  necesaarj  for  tho  jirintiipal  ohjecta  of  Sui-reyiag ; 
which  are  to  mato  a  ?nap  of  any  Borfiiee,  such  aa  a  field,  fami, 
Btate,  kc,  and  to  calculate  its  content  in  square  feet,  acres,  or 
Bqnare  miles.  The  former  id  an  applieatioii  of  Drafting,  the  latter 
of  Mensuratjon. 


(i)  The  position  of  a  point  may  ha  determined  by  a  variety  of 
methods.  Those  most  frequently  employed  in  Surveying,  are  the 
following ;  all  the  poiula  being  aupposad  to  ba  in  tha  same  plane. 

(5)  Firs!  Metbod.  -B^  measuring  tJie  distances  from  Ote  r» 
qaired^int  to  two  given  points. 

Thus,  in  Fig.  1,  the  pomt  S  ia  "  deter- 
mined," if  it  ia  known  to  lie  one  inch 
from  A,  and  half  an  inch  from  B :  for, 
ita  place,  if  lost,  could  bo  found  hy  dc-  ^. 
ftcribing  two  arcs  of  circles,  from  A  and  B  as  centres,  and  with  iflie 
^ven  diatancca  aa  radii.  Tho  required  point  would  ho  at  tho 
intersection  of  these  arc3. 

In  applying  tliis  princijile  in  surveying,  S  may  represent  any 
station,  such  aa  a  comer  of  a  field,  an  angle  of  a  fence,  a  ti-ce,  a 
house,  &c.  If  then  one  corner  of  a.  field  be  100  feet  from  a 
floeond  corner,  and  50  feet  from  a,  tliird,  the  jilace  of  the  first  cor- 
ner is  known  and  determined  Ttith  reference  to  the  other  two- 
There  will  be  two  points  fulfilling  this  condition,  one  on  each  side 
of  the  given  line,  but  it  will  alwaya  bo  known  which  of  them  b  the 
one  desired. 

In  Geographi/f  this  principle  is  employed  to  indicate  the  posh 
bon  of  a  town ;  09  when  we  sly  that  Buffalo  is  distant  (in  a  straight 
line)  295  miles  firom  New- York,  and  300  from  Cincmnati,  and 
thus  conyey  to  a  stranger  acijuainted  with  only  the  last  two  plaCfii 
a  correct  idea  of  the  position  of  tho  firat. 
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In  Atialiftical  Geometry^  the  linca  AS  and  BS  are  tnown 
*^*Fcciil  Co-ai-dinatcB the  general  name  "co-ordinates"  being 
applied  to  the  Unes  or  anglea  wliich  detcmune  the  position  of  a 
point. 

(C)  Secoad  Iflelbod.  -By  mcasurinij  the  perpcndlatlar  (it*- 
tance  /rom  the  required  jfoint  to  a  ffiven  lint,  and  (he  diaianoe 
fAiTJce  alonff  the  line  tv  a  fflvai  pomf. 

Thus,  in  Fig.  2,  if  the  perpendicular  ills'  ^'S-  -■ 

toQce  SC  be  half  an  inch,  and  CA  be  ouo 
Inch,  the  pcnnt  S  is  "  determined" :  for,  its 
could  he         fjimd  hj  measuring  tuie 
inch  from  A  to  C,  and  half  an  inch  from  C,   a.  i 
at  ri^t  an^es  to  AC,  'n'hich  would  fix  the  point  S. 

The  Public  Lands  of  the  United  States  are  laid  out  hy  this 
method,  as  will  be  explained  iu  Part  XII. 

In  thia  principle  is  emploved  under  the  name  of 

Latitade  and  Longitude. 

Thus,  Philadelphia  b  one  degree  and  fiftj--two  minutes  of  lon^ 
tude  east  of  Wasluogton,  and  one  degree  and  three  minutes  of  lafr 
hide  north  of  iL 

In  Aiiiitt/dcal  Geometry,  the  lines  AC  and  CS  arc  known  aa 
"  Rt-dantfular  Oo-ordi»atet.''  The  point;  is  there  regarded  sa 
determined  bj  the  intersection  of  two  lines,  drawn  pnrallc!  to  two 
fixed  lines,  or  "Aret"  and  at  a  given  distance  from  tliem.  These 
Axe»,  in  the  present  Sgure,  would  ho  the  Ibie  AC,  and  another 
line, perpendicular  to  it  and  passing  through  A,  as  the  origin. 

(7)  Third  lUfthod.  Bi/  meaauring  angU  between  a  given 
Um  <di(J  a  line  drawn  frffin  any  giwn  point  'jf  it  t9  t/itf  required 
point  ;  and  also  Vte  length  <tf  thit  latter  line. 

Thus,  in  Fig.  3,  if  we  know  the  angle  ff^..  3_ 

BAS  to  he  a  tldrd  of  a  ri;;ht  angle,  and  ^£ 
AS  to  bo  one  inch,  the  point  S  is  determin- 
ed ;  for,  its  place  could  be  found  by  drawing 

froni  A,  1  Unc  maliing  the  given  angle  withA'^-  b 

AB,  and  meaauring  on  it  th?  giv^n  distance. 
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Id  applying  tliia  priaciple  ia  eurveying,  S,  as  before,  may  ropr& 
Bent  any  station,  anil  tho  line  AB  may  te  a  fence,  or  any  other 
real  or  imaginary  Une. 

In  "  Compass  Surveying,"  It  b  a  north  and  soutli  line,  the  direo 
tion  of  whicli  ia  given  by  the  magneUc  needle  of  tlie  compasa. 

In  Gi^ijrapliif,  this  pmiciple  is  employed  to  detenmne  the  relaj* 
lire  poatioiia  of  iilacoB,  by  "Bearings  and  diatances";  as  Vfhenwa 
Bay  that  San  Francisco  is  1750  milca  noaily  due  west  from  St.Louia; 
the  word  "■vrcst"  indicating  tho  direction,  Or  angle  which  the  linU 
joimng  the  tiro  places  makes  ^th  a  north  and  south  line,  and 
the  number  of  milea  ^vmg  the  length  of  that  line. 

In  Anatydcal  Qeomctrif,  die  line  AS,  and  the  Angle  BAS,  aro 
called  "i*ei(ir  Co-ordinates." 


Fig.  4. 


(8)  Fonrlh  ]IItth«d.  By  mamring  (/w  angUi  mude  with  tt 
given  line  hy  tmo  other  lines  starting  from  givm poiixti  %tpm  it, 
and  passing  Oirough  tJie  required  pomt- 

Thu3,  in  Fig,  4,  tiie  point  S  ia  deter- 
mined bj  being  in  the  intersection  of  tho 
two  lines  AS  ^nd  BS,  which  malco  re- 
spoctivoly  angles  of  ft  half  and  of  a  tliird 
of  a  right  angle  with  t!ie  Uno  AB,  which  ^ 
13  one  inch  long ;  for,  the  place  of  the  point  could  be  found,  if  lost, 
hy  drawing  from  A  and  B  linca  making  with  AB  the  known  angles. 

In  Geography,  wo  might  thus  fix  tlie  position  of  St.  LomSj  by 
saying  it  lay  nearly  due  north  from  !Neiv-OrleanB,  and  due  weat 
from  Waaliington. 

In  Analgticat  Geometry,  these  two  aogica  would  Lo  called 
**^Angular  Co-ordinates." 


Fig.  5. 


(9)  In  Fig.  5,  are  shewn  together  all 
the  measurementa  necessary  fordetcrmin- 
mg  tha  same  pomt  5,  hy  each  of  tho  four 
preceding  methods.  In  the  First  JIc- 
thod,  we  lueaeure  the  dbtances  AS  and 
BS ;  in  tlio  Secontl  Method,  the  distances  AC  and  CS,  the  latter 
Ht  right  angles  to  tho  former;  in  tho  Third  Melhod,  the  diatanos 
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AS.  and  the  angle  SAB ;  and  in  the  FourOt  Mettoii,  tfie  angle* 
SAB  aud  SBA.  In  all  these  mettods  the  point  is  really  deter- 
minod  hy  the  intcrBeetion  of  two  linos,  oltlier  etralgbt  liucs  or 
ores  of  circles.  Thus,  m  the  Firat  Method,  it  is  determined  by 
thfl  intersection  of  two  circles  ;  in  the  Secoud,  by  tho  intersection 
of  two  straight  Hues  ;  in  the  Third,  by  t!ie  intersection  of  a  straight 
line  and  a  circle ;  and  in  tho  Fourth,  "by  the  intersection  of  two 
straight  lines. 

(10)  Fifth  illetbod.  J?y  iiieasurinff  tJie  angles  made  with  each 
oOier  hfj  three  lines  of  sight  passing  from  the  required  poliU  U 
tJin-e  points  whote  poeitions  are  known. 

Tliua,  in  Pig.  G,  the  point  S  is  deter- 
mined by  the  angles,  ASB  and  BSC, 
made  by  the  liiree  lines  SA,  SB  and 
SC. 

Geographically,  the  position  of  Chi- 
cago would  be  det'Crmined  by  three 
straight  lines  parsing  frotn  it  to  Wash- 
iii;;ton,  Cincittoati,  and  MybiHe,  and  mak- 
ing known  anglea  iv'ith  each  other ;  that  of  tho  Erst  and  second 
luics  lioiiig  about  one-third,  and  that  of  the  second  and  third  HncB, 
about  one-half  of  a  right  angle. 

From  the  three  Unea  employed,  this  may  be  named  the  Method 
of  Triliaear  co-ordinates. 


Fig.  G. 


(II)  The  position  of  a  point  ia  gometirDes.  determined  by  the 
interaection  of  two  lines,  which  are  themselves  determined  by  their 
extremities  being  given.    Thus,  in  Fig,  7,  F'S- 1- 

the  point  S  is  determined  by  its  being  sit- 
uated in  the  bterscction  of  AB  and  CD. 
This  method  is  sometimea  employed  to  fi.*? 
the  position  of  a  Station  on  a  RaU-Road 
line,  &c.,  Then  it  occurs  in  a  place  where 
a  atoko  cannot  be  driven,  &uoh  as  in  a  pond  ;  and  in  a  few  other 
cased  ;  bat  is  not  used  frequently  enough  to  require  that  it  should 
bo  caUed  a  sixth  principle  of  Sun'eying. 
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<I2)  THeae  five  mflthods  of  dctenaining  the  positions  of  pointa, 
produce  five  cm-reaponding  ajstcma  of  Siirvcjin^,  wliich  may  bo 
named  as  (o\lom : 

L  DL\GONAL  SURVEYING. 

n.  PEKPENMCULAR  SURVEYING, 
m.  POLAR  SURVEYING- 
IV.  TRUNGULAR  SURVEYING. 

V.  TRILINEAll  SURVEYING. 

(13)  The  above  division  of  Siirvfijing  lias  been  made  In  bar- 
moaj  willi  tbe  principles  involved  and  tbo  metliuds  employed. 

The  subject  is,  however,  sometimes  dii-idcd  with  reference  to  thci 
inatnintntta  employe  J;  aa  the  chain,  citlier  alouc  or  with  cmss- 
etafl;  the  compa-sa ;  the  transit  or  tkeodoUto ;  the  ec.\tant;  t\o 
plajie  table,  kc.  , 

(U)  Surveyiii-;  may  also  be  divided  according  to  its  ohjcde. 
In  Land  Surveying,  the  content,  In  acres,  kc,  of  the  tract 
veyed,  ia  usually  the  principal  object  of  the  survey.  A  nmp^ 
showing  the  shape  of  the  property,  may  also  he  rctjuired.  Certain 
ai;^i3  on  it  mny  indicate  tlie  different  kinds  of  culture,  &c.  lliia 
hmd  may  also  be  required  to  be  divided  up  in  certain  proportiona  ; 
and  tlio  lines  of  difiaion  may  also  be  required  to  bo  fiot  Out  on  the 
ground.  One  or  all  of  thc-ac  objects  may  be  demanded  In  Lan^ 
Surveying. 

In  TopaijrapJdcal  Sunxytng,  the  nicasnremiMit  and  grapliic&l 
representation  of  tho  incqnaliti-es  of  the  ground,  or  its  "reJlcf,"  i.  o. 
its  bills  and  hollows,  as  detennlued  by  the  art  of  "  Levelling,"  ia 
the  leading  object. 

In  Maritime  or  ffyJro^aplucal  Sarve^ing,  the  ^KWitiona  Cif 
rocks,  shoals  and  channels  ai-e  tbo  cliicf  subjects  of  examination. 

Mining  Surveying,  the  dirottiona  and  dimcnaioM  of  tbo  sab- 
teiranean  passages  of  mines  are  to  he  determined. 
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(15)  Surveying  may  also  be  divided  according  to  tbo  extent  of 
tlie  district  surveyed,  into  Plane  and  O-eodesic  Geodesy  takes 
into  accoimt  the  curvature  of  tho  oartL,  and  omplojg  Spherical 
Trigonometry.  Plane  Sarveying  disregards  this  curvature,  as  a 
neodlcs3  refinement  escept  in  very  extcnsivo  sun-ej-a,  such  as  those 
of  a  Stato,  and  eonaitlers  tbo  surface  of  the  earth  as  plane,  wiiieh 
laay  s!if^ly  be  done  in  surveys  of  moderate  extent. 

(16)  Land  Siirvet/ing  is  the  principal  snbj&ct  of  this  volume; 
the  sm'faec  surveyed  being  regarded  as  ^Ume;  and  each  of  the 
five  Methods  being  in  turn  employed.  For  the  purposes  of  instruc- 
tion, the  subject  lA-ili  be  best  diridcd,  partly  with  reference  to  the 
Methods  employed,  and  partly  to  t!io  lastrumenta  used.  Accord- 
ingly, the  First  and  Second  Methods  (Kagonal  and  Perpendio 
ular  Surveying)  will  be  treated  of  imdcr  tlio  title  "  Chain  Survey- 
ing/' m  Part  II.  The  Third  Method  (Polar  Surveying)  will  be 
explained  under  tbo  titles  "  Compii&s  Surveying,"  Part  III,  and 
"Transit  and  Theodolite  Surve^-ing,"  Part  IV.  The  Fourth  and 
Fifth  Method!  will  be  found  luidcp  their  own  names  of  "  Triangu- 
lar Surveying,"  and  "Trilinear  Surveying,*'  in  Parts  V  and  A'l. 

(17)  In  aH  the  methods  of  Land  Surveying,  there  are  threo 
itagea  of  operation : 

1'  Meatunng  certiua  lines  and  angles,  and  recording  thorn; 
2^  Drawinff  Oiem  on  piiper  to  some  suitable  scale ; 
3^  Calciilatini]  the  content  of  the  smfaoo  surveyed. 
The  three  following  chapters  ^rill  treat  of  each  of  theae  topicB  m 
their  turn. 
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CHAPTER  n. 


08)  Tub  Meamiremcnfs  wliieli  ave  rcqiui-ed  in  Surrcjing,  may 
be  of  lines  or  of  angles,  or  of  both ;  according  to  tho  Metliod  eii> 
plojed     Each  will  bo  successively  considered. 

MEASURING  STRAIGHT  LINES. 

(19)  lines,  or  distances,  whicli  ojre  to  be  measured,  mnj  ba 
ather  actnaJ  or  v-isual. 

Actual  lines  are  eucli  as  reatlj  exist  on  the  suifacc  of  tlio  land 
to  be  Burve_j^ed,  cither  bounding  it,  or  crossing  it  ;  such.  03  fences, 
ditolies,  roads,  streams,  k.c. 

Visuai  lima  are  imaginary  liaea  of  siglit,  either  temiiorarily 
measured  on  the  ground,  such  03  thoae  joining  opposite  corners  o£ 
a  field;  or  simply  uidicatcd  by  stakes  at  their  extremiliea  or  other- 
wise.   If  long,  tlioy  are  "  ranijcd  ont "  Ly  nietbods  to  be  given. 

Lines  are  usually  measured  with  chaiiia,  tapes  or  rods,  di- 
vided into  yards,  feet,  links,  or  some  oUier  unit  of  measurement. 

(2ft>  CaBlrr"^  Chain.  This  is  the  meaaui-o  moat  commonly 
used  in  Land  aurveying^  It  is  GG  feet,  or  4  rods  long.'  Eighty 
Buch  chains  mako  one  milo. 

fig  8. 

 ^—  y  ^  


It  19  composed  of  one  himdrcd  piccca  of  irjn  irirt,  or  links,  each 
bcnl  at  the  end  into  a  ring,  and  connected  with  the  ring  at  the  end 
of  the  next  piece  by  another  ring.  Sometanes  two  or  three  rings 
are  pliiced  between  the  links.  •  The  chain  is  then  loss  liable  to 

"  This  IdiBtli  woa  clm'scn  (liy  Mr.  E'lwar'i  Ounter)  Viecmise  15  ttjiiDro  eViuirl 
of  8li  r*.-rt  raulcu  aao  nrl'i-,  (im  will  shiiwii  bi  Cliupt(;r  l^i)  attA.  Ildo 4j:onip<(llLTl4 lU 
uf  ar^at  ii  Ilius  ;,-r«nlly  f:iri]iiat(>i!.  Kitr  o\\ivr  Siirveyiug  [iiirposei,  jiuniculai'ly 
for  RHil-ruiiJ  work,  a  cliiiiii  of  lUO  fi-t-l  is  iii-efi'i'uljk'.  On  lbs  U.iii.fl  Slotca 
Ciinit  Siirvej-,  iljo  unit  of  iinfn*iirrinc[il  [wliidi  «[  iiiioi:  fntiire  liiue  bo  Ilia 
uiiivefsil  OIK')  IS  ilie  Frcitcb  Mrlrc,  crjiiol  l<j  3,281  f<;L'i,  iitsrEy 
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twiat  and  get  entangled,  or  "  idnked."  Two  or  more  sivlveb  arc 
alflo  inftcrted  in  the  cliain,  so  tliat  it  may  turn  arofind  witliout  twist- 
ing. Every  tenth  ImV  ia  marked  by  a  piece  ot"  brase,  having  one, 
two,  three,  or  four  points,  corrc?3ponding  to  the  niunber  of  tena 
which  it  jnarlta,  counting  from  the  nearest  pnd  of  the  chain."  The 
middle  or  fiftieth  link  is  mrirked  by  a  round  piece  of  brass. 

The  hundredth  part  of  a  chajn  ia  called  a  link.t  The  greai 
ftdrantage  of  this  is,  tliat  since  liiiks  arc  decimal  parts  of  a  chain, 
they  may  be  so  written  dcmi,  5  chains  and  43  links  being  5.43 
cbaina,  and  all  the  calcidationa  respecting  chaina  and  links  can  then 
be  perfbnned  by  the  common  rules  of  decimal  Arithmetic.  Each 
Knk  is  7.92  inches  long,  bein^  =  13*]  x  V2  -r-  100. 

The  following  Tabb  i\ill  be  found  convenient: 


CILVISS  INTO  FEET. 


CHJJNfl. 

FEET. 

ClUINS. 

lEET. 

0.01 

0.t>tf 

1.00 

tili. 

0.0-2 

1.32 

2. 

132. 

0.03 

1.08 

3. 

198. 

0.04 

2M 

4. 

2ii4. 

0.05 

3.S0 

6. 

330. 

0.06 

S.96 

H. 

3!lfi. 

0.07 

4.fi2 

T. 

462. 

0.08 

5.28 

8. 

528. 

0.09 

5.91 

It. 

594. 

0.10 

G.GO 

10. 

660. 

0.20 

13.20 

20. 

1320. 

0.30 

11».80 

30. 

1980. 

0.40 

26.40 

40. 

2640. 

0.50 

33.00 

50. 

3300. 

0.60 

39.C0 

SO. 

3060. 

0.70 

4(J.20 

70. 

4020, 

0.80 

62.1^0 

80. 

5280. 

0.90 

69.40 

{to. 

5940. 

1.00 

66.00 

100. 

6600. 

FE 

^T  im 

'0  UNKS. 

PEET. 

UNKS. 

FEET, 

LLVKS. 

0.10 

0.15 

10. 

15.2 

0.20 

0.30 

15. 

22.7 

0.25 

0.38 

20. 

30.3 

0.30 

0.45 

25. 

S7.& 

0.40 

0.60 

30. 

45.4 

0.50 

0.76 

33. 

50.0 

0.60 

0.91 

35. 

53.0 

0.70 

1.06 

40. 

60.6 

0.75 

1.13 

45. 

68.2 

0.80 

1.21 

60. 

75.8 

0.90 

1.36 

55. 

83.3 

1.00 

l.r:2 

GO. 

90.9 

2. 

3.0 

65. 

98.5 

3. 

4.5 

70. 

lOR.l 

4. 

6.1 

75. 

11.16 

5. 

7.6 

80. 

121.2 

6. 

9.1 

85. 

12S.8 

7. 

10.6 

90. 

136.4 

8. 

12.1 

95. 

143.9 

9. 

13.0 

100. 

151.5 

•  To  present  llie  vpry  common  mistnkr,  of  cnllini;  fnrty,  hiIt;  or  Ihirly,  neveuijr, 
il  h!u  been  tijggetteil  to  mka  llif  lllb,  21*1,  31*1  iiml  4JM  li"ks  of  frr,ij»;  whith 
would  at  ottce  sliovf  oa  uliich  tiJe  of  ll'i<!  luiiiillc  of  the  clinin  wiu  lUe  doublfol 
ninrk,    Tbis  would  lie  phrliculiirly  lucfiit  in  T^llum^  Siinryin^. 

1  Thi«  must  Tiol  b*'  ronfjiiiTided  wiili  Ihe  piwo  of  wire  whicr  havo  tlio  mdm 
nmne,  milcc  one  of  lEimi  it  tlinner  tlinn  Ibn  "  litik"  iiacil  in  ralrulotioD,  liy  half  • 
ring,  flr  more,  acconliiig  lo  tUe  vt'ny  ia  uhlcL  ilio  chiuD  ia  mode. 
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To  reduce  1  li ilr>i  to  feet,  sulftract  from  the  cumber  of  linV^  aa 
many  imlU  as  it  contwua  hundreda ;  multiply-  tlie  remainder  by  2 
and  divide  by  3. 

To  reduce  feet  to  links,  add  to  the  ^vcn  number  half  of  itaelf, 
and  add  one  for  each  hundred  (more  exactly,  for  each  iiinety-nine) 
in  the  Bum. 

Tho  chain  is  liable  to  be  lengthened  by  iis  rings  being  pulle 
open,  and  to  bo  shortened  by  its  liiits  being  bent.  It  sliould  there- 
fore bo  fi-Liquently  tested  by  a  caiTfully-mcasurcd  length  of  06  feet, 
Bet  out  by  a  Btjindard  ineasare  oa  a  flat  surface,  such  as  ihe  top 
of  a  wall,,  or  on  emooth  level  ground  between  two  staki?s,  their 
centres  Ijeing  marked  by  amall  nails.  It  may  be  loft  a  little  longer 
thim  the  true  length,  since  it  can  seldom  be  etrotched  so  09  to  be 
perfect!y  borizontai  and  not  hang  in  a  cim-c,  or  he  dxawTi  out  in  a 
perfectly  straigbt  Hue.*  Distances  measured  mth  a  perfectly 
accurate  chain  will  always  and  unavoidably  be  recorded  as  longer 
than  they  really  are.  To  ensure  the  cbfun  being  always  strwned 
with  the  same  force,  a  spring,  lihc  that  of  a  sprmg-halajice, 
is  sumetimea  placed  between  one  handle  and  the  rest  of  the 
chain. 

If  a  lino  has  been  measured  with  an  mcorrect  chain,  tie  true 
length  of  tho  lino  will  be  obtained  by  maltiplylng  tlie  number  of 
chains  and  links  m  tho  raeaaurod  distance  by  100,  and  diiiding  by 
the  kngth  of  tho  standard  distance,  as  given  by  measitrement  of 
it  with  the  incorrect  chain.  The  proportion  here  cmpioyed  la  tins: 
As  the  length  of  tlie  standanl  given  by  the  incorrect  chain  Is 
tHie  true  length  of  tho  Stmdai-d,  So  is  tho  length  of  the  line  given 
by  t!io  ineasuremeat  To  tlie  true  length.  Thus,  suppose  that  a 
line  has  been  measured  with  a  certain  chain,  and  found  by  ifto  be 
ten  chains  long,  and  that  the  chain  is  afterwards,  foimd  to  have  been 
ao  sti'ctched  that  tho  standard  distance,  measured  by  it,  appcara  to 
bo  only  99  links  long.  The  measured  line  is  therefore  longer 
thia  it  bad  bocn  thought  to  be,  and  its  true  length  h  obtained 
by  multiplying  ten  by  100,  and  dividing  by  99. 

Tlip  rtinin  imt'd  by  llio  Gtivormiictit  Sni-vpynrs  of  l-'riflTtP,  which  ii  10  Metrei, 
or  nbiiut  hiilf  a  UiiriCt'r'i  c^liaiii  in  IcuirihF  ii  TDni\i  fram  mie-lin)i  to  Ivv(i.liftli«  uf  nu 
iudi  lurif!pr  tiiiiii  thr  sliiiidan3.    An  njacwiracy  i>f  uiie  liva  luitnlrecltli  of  its  leuph 

1}  iuclit.'e  VII  ivGuuli-r'a  clmiu)  Iji  ibe  iiliuusi  alluwcd  jiut  lu  vitiate  tlie  aurvtir- 
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(21)  Pins.  Ten  iron  pina  or  "  arrows,"  usually  accompan/  the 
ebahi,'  TL«j  are  alout  a  foot  long,  and  arc  made  of  stout  iron 
wire,  abarpcned  at  one  end,  jind  bent  into  a  ring  at  t!ie  otlie-r. 
Pieces  of  red  and  white  clolh  should  be  tied  to  tlieir  heads,  ao  (hat 
they  can  be  easily  found  in  grass,  dead  lenrea,  &c. 

They  should  be  etrung  on  a  ring,  which  liaa  a  spring  catch  to 
rolab  them.  Their  usual  form  is  sliown  in  Fig.  9.  fie.  o.  Fig.  10. 
Fig,  10  showB  another  fonn,  made  very  large,  and 
therefore  very  heavy,nie.ir  the  point,  so  that  wlion 
held  by  die  top  aud  dropped,  it  may  fall  vcrdcaJly. 
The  11SG9  of  this  will  be  seen  presently. 

(2J)  On  irregular  ground,  two  stout  stakes  about 
ax  feet  long  are  needed  to  put  the  fonrard  chdn- 
ttian  in  lino,  and  to  enable  whicherer  of  the  two  ia 
lowest,  to  raise  his  end  of  the  chdn  in  a  truly  Tertleal  line,  and  to 
itrain  &a  chain  strmght. 

A  number  of  long  and  slender  rods  are  also  necessary  for 
"rang^gout"  lines  between  distant  points,  in  the  niEuiQor  to  be 
explained  hereafter ;  in  Part  H,  Chapter  V. 

(23)  How  to  Chain.  Two  men  are  required  ;  a  forward  chain- 
main}  and  a  hind  chain-man  ;  or  leader  aad  follower.  The  latter 
itkei  the  handles  of  the  chain  in  his  lefl;  hand,  and  the  chain  Itself 
in  bis  right  hand,  and  throws  It  out  in  the  direction  in  which'  it  is  to 
bo  drawn.  The  former  takes  a  handle  of  the  chain  and  one  pla  in 
his  right  hand,  and  the  other  pins  (and  the  stafi*,  if  used,)  in  his 
left  hand,  and  draws  out  the  chain.  The  iijllower  then  walks 
beside  it,  eiamlning  carefully  that  it  is  not  twisted  or  bent.  He 
[hen  rctuma  to  its  hinder  end,  which  he  holds  at  the  beginning  of 
Ihe  line  to  be  measured,  puts  bis  eye  exactly  over  it,  and,  by  the 
wotdfl  "  Eight,"  "  Left,"  directs  the  leader  how  to  put  hla  etaff, 
or  the  pin  which  he  holds  up*  "in  line,"  so  that  it  may  aeem  to 
•srer  and  lude  the  flag-staff,  or  other  object  at  the  end  of  the  line. 

*  Skven  pins  ire  lomtrl'inieG  used,  one  bcin^  of  brKSSi  Nina  of  imo,  with  taut 
It  «>9lit  of  trMft,  mky  aito  hv  emrloire<l.  TUeb  uies  nre  explaiD«d  in  Atrticlia 
(89)  Ud  (44). 
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The  leader  all  the  while  ke^pa  the  chain  ti'^htlj'  atretchedj  anil  hia 
end  of  it  touching  lua  staff.  Evciy  time  he  moves  the  chain,  he 
should  straighten  it  by  an  ucdulftting  shako.  Wlien  the  staff  (or 
pin)  is  at  last  put  "in  line,"  tlic  follower  saja  "Down."  The 
loader  then  puts  in  the  single  pin  precisely  at  the  end  of  thv  chain, 
and  rephea  "  Down."  The  foUower  then  (and  never  before  hcarins 
this  signal  that  the  point  ia  fixed)  loosens  hie  end  qf  the  chain, 
retaining  it  in  hia  haud^  The  leader  draws  oa  the  chain,  making 
a  atep  U>  one  aide  of  the  pin  just  sctj  to  avoid  dragging  it  out.  Uo 
ehould  keep  hia  ejo  steadily  oa  the  objett  ahead,  cr,  in  a  hollow, 
should  line  himaclf  approsimiitelj  hy  lookiDg  back.  The  follower 
should  count  his  etcps,  .ho  as  to  know  ivhere  to  look  for  Ihe  pin  in 
high  grass,  &c.  Aa  ho  approaches  the  phi,  ho  calls  "  Halt."  On 
reaching  it,  ho  bold^  the  handle  of  the  chahi  against  it,  pressing 
hia  knee  against  hoth  to  keep  the  pin  firm.  He  then,  with  hia  eyo 
over  the  pin,  "  lin-cs"  the  leader  as  before.  When  tlic  "  Down" 
haa  been  Again  called  by  thft  follower,  and  answered  by  the  leader, 
the  iormcr  pulle  out  the  piu  with  thti  chain-hand,  and  carries  it  in 
hia  other  hand,  and  they  go  on  aa  before.*  The  operation  ia 
repeated  till  the  leader  haa  arrived  at  the  end  of  the  hne,  or  haa 
put  down  all  \m  pins. 

When  the  leitder  haa  put  down  Ills  tenth  piu,  he  dniws  on  the 
chain  its  length  fartlior,  and  after  being  lined,  puta  hia  foot  on  the 
handle  to  keep  it  fi,nn,  and  calla  "Tidly."  The  follower  iben 
droiffl  his  end  of  the  chain,  goea  np  to  the  loader  and  gives  him 
back  fdl  the  pins,  both  counting  them  to  make  sure  that  none  havo 
been  lost.  One  pin  b  Uien  put  down  at  the  forward  end  of  the 
chain,  and  they  go  on  as  before. 

Some  Surveyors  caoso  tha  leader  to  call  "tally"  at  the  tenth 
pin,  aad  then  exchange  pins ;  but  tlien  the  fo'llower  has  only  the 
hole  made  by  the  pin,  or  some  other  indefinite  mark,  to  measaro 
from. 

Eleven  pina  arc  sometimes  preferred,  the  eleventh  being  of  brass, 
or  otherwise  difiercnt  from  ihe  rest,  and  being  used  to  mark  tho 

*  WhCTi  a  cliain'i  rpn^:tb  wniiM  t-nil  in  n  tlilch,  poo!  of  wttli-ri&c,  JiiiJ  llie  cliniih 
aim  are  pfraid  'if  ivciiing  ihpir  fr'jl,lhpy  cnn  nicftsure  ptirt  of  n  tli»in,li)  tlie  "Ig" 
uf  ihis  Wftiei.*.  ihen  dvelrS  llii?  cbain  iiciosi  il,  aihI  ilif-n  meivsupi'  dijoiIkt  poniui 
afa  chain,  ao  tlut  wiili  ilie  ruinicr  [ioriii>ii,  it  may  make      b  full  cliniu. 


CHAP,  ii  ]  SlaklnfT  (be  nrcasorcmcDls. 


si 


end  of  th«  elevonth  chain  ;  aootber  being  substitutei  for  it  befoM 
the  loader  g003  OU. 

The  two  chjun-men  maj  cliimgo  duties  at  each  change  of  piaa, 
if  they  are  of  equal  skill,  but  the  mora  careful  and  iatelligtnt  of 
two  laWrtra  should  gcnenliy  bc  maiSe  "  foUcHwerr" 

Wixm  the  ka<i«r  readies  the  end  of  tho  line,  he  stops^  and  holda 
his  end  of  the  chain  against  it.  The  folloircr  drops  his  end  and 
counts  the  linba  beyond  th«  last  jiin,  notiug  carefully  on  which  side 
of  the  "  fifty"  mark  it  comes.  Each  pin  now  held  by  the  follower, 
uicluding  the  one  m  the  ground,  represonta  1  chain  j  each  time 
"  tally"  has  been  called,  and  the  ping  eTtcbanged,  rcpresetitfl  10 
ehaiaa,  and  the  lints  just  counted  make  up  the  total  distance. 

(84)  Tallies,  In  chaining  very  long  distances,  there  U  danger 
of  niiacouuting  the  number  of  "tallies,"  or  tens.  To  avoid  hls- 
take?,  pebbles,  kc,  may  ha  changed  from  one  pocket  into  {mother 
at  each  change  of  pms  ;  or  hits  of  Icatlicr  on  a  cord  may  be  slip- 
ped from  one  side  to  the  otter ;  or  knots  tied  on  a  string ;  but  the 
best  plan  is  the  following.  Instead  of  ten  iron  pina,  use  nine  iron 
puw,  and  four,  or  eight,  or  ten  pins  of  brass,  or  very  much  longer 
than  the  rest.  At  the  end  of  the  tenth  chain,  the  iron  ping  being 
exhausted,  a  bras^  pin  is  put  down  by  the  leader.  The  follower 
thoQ  comei  up,  and  returns  the  nine  iron  pins,  but  ret-alns  the  brass 
one,  with  the  additional  advantage  of  having  this  pin  to  measure 
£■010.  At  Ithe  end  of  tlio  twontioth  chain,  the  sanift  operation  is 
repeated  ;  and  so  oit.  Ulien  the  measui'cmont  of  the  line  is  com- 
pletrtl,  each  brass  pin  held  by  the  follower  counts  ten  chains,  and 
each  iron  i>in  Ope,  as  before. 

{25)  ibaiaiii?  on  $Io[ks.  All  the  distances  employed  in 
Lflndt*un"cyijig  must  be  meas'ired  horizontally,  or  on  a  levnl ;  for 
reasons  to  bo  given  in  chapter  IV.  Wlien  the  ground  slopes,  it  is 
thercEbro  nocosaary  to  make  certain  allowftncc3  or  correctiona.  If 
4lie  alopo  hn  gentle,  hold  the  up-hill  end  of  the  chain  on  the  grotmd, 
and  raise  the  down-hill  end  till  the  chain  is  level.  To  ensure  the 
elevated  end  being  exactly  over  the  desired  spot,  raise  it  along  a 
ttfiff  kept  vertical,  or  droj>  a  pin  Md  by  the  pcint  with  the  ring 
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doimwanis,  (if  yoa  have  not  thct  heavy  pointed  ones  slioivn  in  Fig. 
10),  or,  wliicTi  13  better,  mo  a.  plumWine.  A  porgon  standing 
beside  Uio  chain,  and  at  n  little  distance  from  it,  can  best  tell  if  it 
be  nearly  level.  If  the  hill  he  bo  steep  that  a  whole  chain  cannot 
be  held  up  level,  use  only  half  or  cinartcf  of  it  n.t  a  time.  Great 
care  is  necessary  in  this  operation.  Tt>  measure  do'n'n  a  steep  lull* 
atrotch  thfl  whole  chain  in.  line.    Hold  the  F'g-  n. 

upper  end  fjist  on  the  ground,  liaise  up 
the  20  or  30  link-mnrli,  so  that  that  portion 
of  tlie  chiua  ia  \e\<i\.  Drop  a  pliunVliiie  or 
pin.  Then  let  the  follower  code  forward 
and  hold  down  that  link  on  this  spot,  and  tlie  leader  hold  up  ait- 
other  abort  portiun,  as  before.  Chtuiiing  doivn  a  slope  h  more 
accurate  than  chaining  up  it,  bijicb  in  the  latter  caao  the  follower 
cannot  eaeily  place  hia  end  of  the  chain,  exactly  over  the  pin. 

(26)  A  mort  A'Ccurate,  tliough  more  troublesome,  method,  ii  to 
measure  the  angle  of  the  slope ;  and  make  the  proper  allowance 
by  calculation,  or  by  a  tablCj  previously  prepared.  The  correction 
being  found,  the  chain  may  be  drawn  forward  the  proper  uumber 
of  liuIiB,  and  the  coiTcct  distance  of  the  varioiig  points  to  be  noted 
will  thus  be  obtained  at  once,  iviUiout  any  subsequent  calculatioli 
cr  reduction.  If  the  surrey  is  made  with  the  Tlteodolitc,  iLc  ^ope 
of  the  ^and  can  be  measured  directly^  A  "  Tangent  Scale,"  for 
the  same  purpose,  may  be  formed  on  the  sidca  of  tlis  eiglita  of  a 
Compi'j3.    It  will  be  described  when  tliat  instrument  is  explained. 

In  the  following  tabk,  tho  Brat  column  containa  the  angle  ivliieh 
difi  surface  of  the  ground  makes  with  tho  h^i-izou;  tUo  second 
coloiUQ  contEum  its  slope,  named  by  the  ratio  of  tliO  perpendicular 
to  the  base;  and  the  third,  tlie  correction  in  links  for  each  cimia 
measured  on  the  slope,  i.  c,  the  difference  between  tho  hypothcnuse, 
^vhlch  is  the  distance  measured,  and  the  homcutal  baac,  which  i3 
Ihfl  distance  desired, 
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AHOUl. 

SLOPE. 

ASOLE. 

BLOFE. 

3° 

1  in  19 

0.14 

13° 

lm4S 

2.5(5 

40 

linl4 

0.24 

14=> 

lin4 

2.07 

6' 

1  in 

0.38 

15= 

lm4 

3.41 

Qo 

lin  9^ 

0.55 

16° 

1  in  3| 

3.S7 

70 

lin  8 

0.75 

1-0 

1  in3| 

4.37 

8= 

lin  7 

0.97 

18=> 

1  in3> 

4.89 

93 

lin  6^ 

1,23 

19^ 

linS 

5.45 

10^ 

lin  6 

1.53 

20° 

1  in  2J 

15.03 

11= 

tin  5\ 

1.84 

25° 

1  in  2 

9.37 

12= 

1  in  -11 

2.19 

30° 

1  inn 

13.40 

(27)  Cliaiiung  a  fundamental  operation  in  all  kinds  ci  Sur 
vejing.  It  has  for  iias  reason  been  very  minutely  ilctallcd.  The 
'"fulloffor"  is  the  most  responsible  person,  and  tlic  Survcyonnll 
best  ensure  liis  accuracy  "by  taking  that  place  himself.  If  lie  baa 
to  employ  inciqiorienccd  lalorcrs,  bo  nill  do  well  to  cause  tliem  to 
measure  the  diatanco  betwocn  any  two  points,  and  then  rcmeasure 
it  in  the  opposite  diroctjon.  The  difFcrcnce  of  tijeir  two  results 
«ill  impresa  on  tbcm  the  necessity  of  great  carefulness. 

To  "do  up"  the  chain,  take  tlie  middle  of  it  in  tli©  l<fl  hand, 
and  with  tlie  rij;ht  hand  take  bold  of  the  doubled  chain  just  beyond 
the  second  linJc ;  doable  up  tbe  two  linlo  between  yoin-  hands, 
and  continue  to  fold  up  two  double  links  at  a  time,  \aym^  eacti  pair 
obliquely  across  the  atbci's,  so  that  wbon  it  is  all  folded  up,  the 
Iiaudles  will  be  on  tbe  outside,  and  the  cliain  will  Lave  an  boiu'-jjlaaa 
abape,  easy  to  sti-ap  up  and  to  carry. 

I 

Tape.  Though  the  chain  \s  most  usually  employed  for  the 
principal  measurements  of  Surveying,  a  tiij)e-line,  divided  on  one 
ade  into  liuks,  and  on  tlie  other  into  feet  and  inches,  la  raore  cyih 
veolent  for  some  purposes.  It  should  be  tested  very  frequently, 
particularly  after  getting  wet,  and  the  correct  length  marked  on  it 
■t  erery  ten  feet.    A  "  Metallic  Tapcj"  less  liable  10  ttretch.  liai 
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been  recently  manofactured,  in  w-liicli  fine  vrii*s3  furm  its  warp. 
WhGU  the  tape  ia  being  wouinl  up,  it  should  be  passed  Itetween  two 
fingera  to  prevent  its  hasting  in  the  box,  wliitfh  noidd  make  it 
necessaty  to  unscrew  its  nut  to  tiilco  it  out  and  imtirist  it.  '\'V'hila 
'  m  uao,  it  slioiild  be  made  portable  hy  beinj;  folded  up  by  arm'a 
lengths,  instead  of  being  wound  up. 

(29)  Substitutes  for  a  diain  or  a  tape,  may  be  found  in  leather 
driving  lines,  majked  off  with  a  carpenter's  mio,  or  in  a  cord  knolr 
t«d  at  tho  length  of  every  link.  A  well  made  ropfi,  (such  aa  a 
'■patent  wove  line,"  woven  circularly  with  the  Btrands  always 
Btraigiit  in  tho  line  of  the  strain),  when  once  well  stretched,  wetted 
and  allowed  to  dry  with  a  moderato  strain,  will  not  vary  from  a 
chain  more  than  one  foot  in  two  thousand,  if  carefully  used. 

(30)  Rods,  ^\licn  unusually  accurate  mcasnretocnts  are 
fjuired,  rods  are  ertiployod.  They  may  bo  of  well  seasoned  wood, 
ofg!as3,  of  iron,  ke.  They  must  bo  placed  In  lino  very  carefully 
end  to  end ;  or  made  to  coincide  in  other  wa}^ ;  aa  will  be  explain- 
ed in  Part  V,  under  tho  title  of  "  Triangular  Surveying,"  in 
whieh  the  peculiarly  accurate  measurement  of  one  line  is  rcciuired, 
as  all  the  otJiera  are  feunded  upon  it. 

(31)  Pacing,  Sound,  and  other  appro-ximate  means,  may  ho 
used  for  measuring  the  length  of  a  line.  They  will  bo  discussed, 
in  Part  IX.  Tlie  Scadia  is  described  in  Art.  (375.) 

(32)  A  Pframhidaiorf  or  "  Measuiing  "^Tieel,"  is  sometinies 
used  for  measuring  distances,  particularly  Roads.  It  consists  of  a 
wheel  which  Is  made  to  roll  over  the  ground  to  be  measured,  and 
whose  motion  ia  commimicated  to  a  scrioa  of  toothed  wheels  wlthla 
the  maeliine.  These  wheels  are  go  proportioned,  that  tho  index 
wheel  regiators  thoir  revolutiong,  and  records  the  whole  distance 
passed  over.  If  tho  diameter  of  the  wheel  bo  31,^  inches,  the  cir- 
cumference, and  iLerefure  each  revolution,  will  he  feet,  or  half 
a  rod.  Tho  roughnesses  of  tho  road  and  the  elopea  necessarily 
oause  the  rcgiitorcd  distances  to  exceed  tho  true  measure. 


Slaking  the  jVtfasuremf^nls. 
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MEASURING  ANGLES. 

(3J)  The  angle  made  by  Jiny  tTo  lines,  that  is,  tlifl  diffcronco 
of  their  directjona,  33  measured  by  vai-ious  intstnimcrita,  consisting 
eascntially  of  a  cirolo  divided  into  eq^ual  parts,  with  plain  sights,  or 
telescopes,  to  indicate  the  directions  of  tlie  two  lines. 

As  the  measurement  of  angles  13  not  reqiiired  for  **  Chaiii  Sur- 
yeying,"  wlueh  is  tlie  first  Method  to  bo  diseuased,  the  considera- 
tion of  this  kind  of  measuroment  flill  be  postponed  to  Part  m. 

NOTING  THE  MEASUREMENTS. 
(81)  Thd  ueasuremcata  -nhich  have  hdtu  Qude,  wbetlicr  of 
lines,  or  of  angles,  require  to  be  very  carefiiUy  n&ted  and  recorded. 
Clearness  and  brevity  arc  iflio  points  desired.  Difiercnt  mctboda 
of  notation  are  required  for  each  of  the  systems  of  aurvcying  ivliieh 
arc  to  be  explained,  and  will  therefore  be  ^vcn  in  their  appropriate 
(daces. 


CHAPTER  III. 

ORVWIKG  THE  flW. 

(S5)  A  Map  of  n  sun-cy  rBprcsents  tlie  lines  i\-lije3i  bound  the 
surface  surveyed,  and  the  objects  upon  it,  such  aa  fences,  roatis, 
rivers,  houses,  woods,  JuUb,  Ac,  in  their  true  relative  dimenaona 
and  positions.  It  13  a  niiniatiiro  copy  of  the  field,  farm,  as  it 
'vrould  be  seen  by  an  eye  moving  over  it ;  or  aa  it  ivoitld  appear,  if 
firom  every  point  of  its  irregular  Burfacc,  j^lamb  lines  were  di"opped 
to  a  level  surface  under  it,  forming  what  b  called  in  geometrical 
language,  its  liorizonlal projection. 

(36)  Flattlne*  -'^  P^^^  ^  survey  is  a  skeleton,  Or  outline 
mnp.  It  is  a  £^u^  "  similar"  to  the  origiualj  having  all  its  angles 
equal,  and  its  sides  proportional.  Every  inch  00  it  rcprcscnta  a 
fijot,  a  yanl.  a  rod,  a  mile,  or  some  other  lengtli,  on  the  ground; 
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alL  the  mGaaurcd  distances  being  tMtmnistied  in  cxac^y  the  samn 
ratio. 

Plattiso  1*  repeating  on  ^apcr,  to  a  amallei'  scale,  the  niea 
surements  which  have  Ic-i-n  made  on  the  tjro7uul. 

Its  various  operations  may  therefore  be  retiuccdj  in  accordanw* 
■with  tho  principles  establiahed  in  the  Fip.  13 

first  cliiipte-r,  to  two,  ■viz:  dramng 
a  straight  lino  In  a  j^ven  dii-ectlon 
and  of  a  given  lengtli ;  and  describ- 
ing an  arc  a  circle  with  a  radius 
whoso  length  Is  also  given.  The 
only  instniinBats  absolutely  necessajy  for  this,  arc  a  straight  ruler, 
and  a  pair  of  "  dividers,"  or  compasses."  Others,  however,  bpo 
often  convenient,  and  will  he  now  briefly  noticed. 

(87)  Slratght  Lines.  Tliese  are  usnally  drawn  by  tlie  aid  of 
Eti-aiglit-edged  roler.  But  to  obtain  a  very  long  straight  line  upon' 
paper,  strctcli  a  fine  silk  thread  between  any  t«o  distant  jioiutgj 
and  mark  in  its  line  varioua  points,  near  enough  together  to  b 
afterwards  connected  by  a  common  ruler.  The  thread  may  also 
he  blackened  with  burnt  cork,  and  snapped  on  tho  paper,  as  a 
carpenter  snaps  his  chalk  lino ;  but  ting  is  liable  to  inaccuracies, 
from  not  raising  the  line  vertically. 

(38)  Arcs.  The  arcs  of  cu-clea  used  in  fixing  the  poabon  of 
point  on  paper,  are  usually  described  with  compasses,  one  leg  of 
which  carries  a  pencil  point.  A  convenient  Bubstitnte  is  a  atrip 
of  pasteboard,  through  one  end  of  whichafiuc  needle  istlirust  iiil 
tho  pvon  centi'c,  and  through  a  hole  in  which,  at  tho  desired  di 
tancu,  a  pencil  point  ia  passed,  and  con  thus  descriho  a  cu-ele  about 
the  centre,,  tlio  pasteboard  keeping  it  always  at  the  proper  distance. 
A  Btiing  is  a  still  readier,  but  less  accurate,  instnunent. 


(39)  Parallels.  Tlie  readiest  mode  of  drawing  parallel  llnca 
tl  by  tlie  aid  of  a  triangidar  piece  of  wood  and  a  ruler.    Let  AB 
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be  the  line  to  wliicli  a  parallel  b  to 
be  drawn,  and  C  thfl  point  through 
wliich  it  must  pass.  Place  one 
Bide  (rf  the  tnani;le  agmst  the 
line,  and  pl£tce  the  nilcr  agamet 
smother  aide  of  the  triangle.  Hbld 
tiie  ruler  firm  tod  immovahle,  and 
slide  the  triangle  along  it  till  tlie  side  of  the  trianglo  which  had  coin- 
cided Tfitli  the  givoa  line,  pasaea  through  the  given  point.  This 
side  wtI]  then  he  parallel  to  t]iat  given  hue,  and  a  hno  Jrawn  by 
it  win  be  the  line  required. 

Another  easy  method  of  draiving  parallela,  is  hy  mealis  of  n  T 
Sfjuare,  an  instnimcnt  very  valuable  for  many  other  purpoaea.  It 
is  nothing  but  a  rul«r  let  into  &  thicker  piece  of  TTOod,  very  truly 
at  right  angles  to  it.  For  this  use  of  it,  one  side  of  the  cross-piece 
mixat  be  even,  or  '*  flush,"  ivith  the  ruler.  To  use  it,  lay  it  oa  the 
paper  eo  that  ono  edge  of  the  fig. 
raler  coincides  -with  the  ^vcn  line 
AB.  Place  another  ruler  against 
the  cross-piece,  hold  it  him,  and 
slide  the  T  6<inare  along,  tiU  its 
Cfdge  passes  through  the  pven 
point  C,  iu  shoum  by  the  loTver 
part  of  the  figure.  Then  draiv 
by  this  edge  the  desired  Ime  piiral- 
Icl  to  the  ^vGD  line. 

(40)  Perpendiculars.  These  may  be  drawn  by  the  varioua 
problems  given  in  Geometry,  hut  more  readily  hy  a  triangle  which 
has  one  right  aoglo.  Place  the  longest  fig,  15, 

side  of  the  trianglo  on  the  given  line, 
and  place  a  ruler  against  a  second  aide 
of  the  triangle.  lioJd  the  ruler  fast, 
and  turn  the  triaJigle  so  as  to  bring  its 
third  aide  against  tlie  ruler.  Then  will 
ttic  10D£  side  be  perpendieular  to  the 
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given  line.  By  slidrn*  the  triangle  along  the  ruler,  it  may  be 
uaed  io  ilraw  a  pei-jicndicular  froni  any  point  of  the  line,  or  from 
any  point  to  the  line. 

(41)  Angles.  These  are  uost  eaeily  set  out  with  an  instru- 
ment called  a  Protractor,  usually  a  ecmi-cirelc  of  brasa.  But  tiie 
description  of  its  use,  aad  of  the  other  and  more  accurate  modes 
of  la>ing  off  angles,  m!l  he  postponed  till  they  are  needed  in  Part 
III,  Chapter  IV. 


(42)  Drawing  lO  Scalfi    The  operation  of  drawing  on  pa 
iiiica  whose  length  shall  be  a  half,  a  quarter,  a  tenth,  or  any  oth" 
rraction,  of  the  lines  measured  on  the  groimd,  ia  called  "  Draw' 
to  Scak." 

Ti  set  olF  on  a  line  any  given  distince  to  any  rcq^uirod  scale, 
determine  the  number  of  cliaina  or  linka  which  each  dii-iaion  of 
the  ecalo  of  cq^ital  parts  shall  represent.  Divide  the  given  disiau: 
by  tliis  number.  The  quotiunt  will  ho  the  number  of  equal  pfirta 
to  he  taken  in  the  dividers  and  to  he  set  off. 

For  example,  aiippoao  tlie  scale  of  equal  parts  to  be  a.  conmum 
carpenter's  rule,  divided  into  inohoa  and  eighths.  Let  tiie  given 
dlsUincc  bo  twelve  chains,  wliich  is  to  be  di-awn  to  a  scale  of 
tivo  cliauw  to  an  inch.  Then  six  inches  will  be  the  distance  to  be 
Bet  off.  If  the  givfla  distan^co  Lad  been  twelve  chains  and  Beven 
five  linka,  tho  diatanco  to  he  set  off  would  have  been  six  inch 
and  threc-cigliths,  since  each  eighth  of  an  Inch  represents  25 

If  t!ic  desired  scale  were  threS  chams  to  an  inch,  ea 
eighth  of  an  inch  would  represent  37j  links ;  and  the  distance 
of  1275  Itnlta  would  bo  represented  by  thirty-four  eighths  of  an  inch, 
or  4i  inches. 

A  Bimilar  process  will  give  the  Correct  length,  to  he  set  off  for 
any  distance  to  any  ecale. 

If  the  ecalo  used  had  been  divided  into  tuclies  and  tenths,  as  la 
ttiucli  tlio  most  conveniont,  the  above  distances  would  liav*  lecome 
otj  tho  foi-racr  scale  G^Vff  inches,  or  nearly  6^*^  tnchta  ;  and  on  the 
l&ttcr  scale  -l^ifi  inches,  coming  midway  between  the  2d  and  3d 
tciUh  of  an  Luch. 


cejit.  m.]  Dranlni;:  the  IHap>  SB 

(13)  Conversely,  to  find  tiie  real  length  of  a  lino  drawn  on 
paiver  to  an^  known  scale,  Kvcrse  the  pcecoding  ojf.cratiO'a.  TaVe 
the  length  of  the  lino  in  the  diridera,  applj  it  to  the  Bcalo,  smi 
Count  liow  Qlaaj  equal  parts  it  includes.  Molijplj  their  namber 
by  the  number  of  chiiins  or  links  'v.hich  each  represents,  and  tho 
product  will  he  the  dosircd  length  of  the  line  on  the  {p-oynd. 

This  opepaticn  and  ths  preceding  od«  aro  greittlj  facilitated 
the  use  of  the  scales  to  be  described  in  Art.  (18) 

(U)  Scales.  The  choice  of  tko  scale  to  ^hiuU  a  plat  should  b« 
ilnxym,  that  is,  how  many  times  smaller  its  lines  shall  be  than  iii<m 
ivhicli  have  been  measured  on  the  grcimd,  is  det^ncined  by  several 
considerations',  llic  chief  one  is,  that  it  shall  be  just  large  enough 
to  express  clearly  all  the  detaiJs  which  it  is  desirable  to  kne^.  A 
Farm  Survey  ■wonld  require  its  plat  to  gho-w  every  field  and  build- 
ing. A  State  Survey  would  show  only  the  towns,  rivers,  and  lead- 
ing roads.  The  size  of  the  paper  at  hand  will  also  limit  the  seal© 
to  be  adopted.  If  the  content  ia  to  be  calculated  from  the  plat, 
that  will  forbid  it  to  be  less  than  3  chains  to  1  inch. 

Scales  are  nimcd  in  varioua  ways.  Thiy  should  alitnifa  ha 
exprcttedfractionallif;  i.  e-  tbey  should  be  so  named  as  to  indicat* 
what  fractional  part  of  the  real  lino  measured  on  the  ground,  tliO 
representative  line  drawn  on  the  paper,  actoaUy  is.  When  custom 
requires  a  different  way  of  niuning  the  scale,  both  should  be  ^ven. 
It  woiild  ba  still  better,  if  the  denominator  cotUd  alwgjs  be  some 
power  of  10,  or  at  least  some  multiple  of  2  and  5,  such  as 
TTsVii*  TViFtf .  TsW.  St^'  For  convcmence  in  printing,  these  may  ba 
written  thus:  1 :  500, 1 ;  1000,  1  :  2000, 1 :  250O,  kc. 

Flats  of  F'trm  Sumeya  are  usually  named  as  being  &o  many 
diains  to  an  inch. 

Slapa  of  Surveys  of  States  are  geuerally  named  as  being  made 
10  a  scftlc  of  60  many  nules  to  on  inch. 

Maps  of  Hail-road  Surveys  are  said  to  be  so  mimy  feet  to  as 
mcb,  or  so  many  inches  to  a  mUe. 

(15)  Farm  SurvrySt  If  these  ore  of  small  extent,  two  chaioa 
to  one  inch  (which  is  —  ^^^^^  ~  ISi  ~  ^ '  1^^^)  convenieBt 
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A  acoJe  of  One  cbiun  to  oao  inch  (1 :  T92)  h  iiscful  for  plans  of  build 
lags.   Three  chains  to  one  inch  (1:23T13)  is  &iutablc  for  larger 
i'ftnaa.    It  is  th-e  &cale  prescribed  hy  tde  Englidh  Titho  Cotbbus- 
isioncra  for  thcLr  first  class  mapg. 

In  Fratice,  the  Cadaiire  Surveys  b«  Ktliographed  on  a  scale 
about  oqijuvalcnt  to  this,  being  1 :  2500.  Tlio  original  plana  are 
drawn  to  a  scaJe  of  1:5000,  Plana  for  the  division  of  property 
are  made  on  the  former  eeale.  lyiieu  the  district  exceeds  8000 
acrea,  the  scala  La  1:10,000.  AVlien  it  exceeds  7,500  acrea,  thg 
BG&Io  is  1;  20,000.  A  common  scale  in  Franco  for  anmll  aiirvej-a 
is  1 :1000;  about  1^  chains  to  1  inch. 

 QME  -ACRE  

OS  SCALE  OE   1  CHAIN  TO   1 SNCS. 


-^/ecttiEfs-Ta-i- 


Tlic  choice  of  the  moat  suitable  scale  for  the  pl&t  of  a  farm  sar 
vej,  may  be  faeilitatcd  I7  tho  Figuro  given  above,  which  shown 
the  actual  space  occupied  by  om  Ort-e,  (the  cuetolnaiy  unit  of  laud 
measure),  laid  out  ia  Uio  form  of  a  square,  on  m&pa  drami  to  Hit 
Tonous  scales  named  in  the  fi^pire. 


(16)  State  Sorveys.  On  Uie&e  butycjs,  emaJler  scales  are 
necessarily  empluycJ. 

On  tbe  admirable  United  State*  Coast  Saryej,  all  the  scales 
are  expressed  fractiontilly  and  decimitlly.  "The  BUJTeys  are. 
generally  platted  originally  on  a  scale  of  one  to  tea  or  twenty  iliou- 
eaiidt  but  in  some  instances  tUc  scale  ia  larger  or  amalter. 

These  original  surreys  are  reduced  for  engravirtg  and.  publica- 
tion, and  when  issued,  are  embraced  in  tliree  general  classes,  1°, 
small  Harbor  cbarta ;  2^,  cLarts  of  Bays,  Sounds,  and  of  the 
Coast  General  Cbarta. 

The  scales  of  the  first  chiBs  vary  from  1:10,000  to  1:G0,000, 
aecording  to  the  nature  of  tibe  Harbor  and  the  different  objects  to 
be  represeatcd, 

WLero  Ihero  are  many  shoals,  rocts,  or  other  objectsj  as  in 
Nantucket  Harbor  and  Hell-Gate,  or  Ti-licrc  the  importance  of  the 
harbor  malics  it  necessary,  a  larger  scale  of  1:5,000,1:10,000, 
and  1:20,000  ia  used.  Eat  where,  boxH  the  siJie  of  the  harbor, 
or  its  ease  of  acccsa,  a  saialler  one  iviU  point  oat  every  danger  n-ith 
suflScient  exactness,  the  scales  of  1:40,000  and  1:00,000  are 
used,  as  in  the  case  of  Nen^-Bedfurd  Harbor,  Cat  and  Ship  Islimd 
Harbor,  New-Haven,  &c. 

The  scale  of  the  second  class,  m  consequence  of  the  large  areas 
to  be  represented,  is  usually  fixed  at  1:80,000,  as  in  Ute  case  of 
New-York  Bay,  Delaware  Bay  and  River.  Prelimuiary  charts, 
however.are  Issued, of  various  scales  froinl:SO,000  to  1:200,000. 

Of  die  third  class,  the  scale  is  fixed  at  1:400,000,  for  the 
General  Chart  of  the  Coast  from  Gay  Head  to  Cape  Henlopcn, 
althou'^h  considerations  of  the  proximity  and  Importance  of  points 
on  the  coast,  may  change  the  scales  of  charts  of  other  portions  of 
our  extended  coast.'" 

Tlie  National  Survey  of  Great  Britain  Is  called,  from  the  corps 
employed  on  it,  the  "  Ordnance  Survey." 

Hie  "  Ordnance  Survey'*  of  the  southern  counties  of  England 
iras  platted  on  a  scale  of  2  inches  to  1  irule,  (1:31,680),  and 
reduced  for  publication  to  that  of  one  inch  to  a  mile,  (1:63,360). 
The  scale  of  0  inches  to  a  mile  (1:10,5G0)  wad  adopted  fur  tho 

'  Commaiiicateil  from  the  V.  8.  Coiut  Survey  «IEc«- 
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northern  counties  of  England  and  tor  tlie  soiitlicm  counties  of  Scot 
land.  The  same  scale  was  employed  for  platting  aiid  engra^-ing  in 
outline  tiie  "Ordnance  Burrey"  of  Ireland,  But  a  map  on  a 
acalfi  of  1  inch  to  1  mile  (lrG3,3C0)  is  about  to  be  puMshed,  the 
former  ecale  rcndeiing  tlie  coAps  too  umvieldy  and  cumbrous  for 
consultation. 

The  Ordnance  Survey  of  ScoOand  was  at  fii-st  platted  onaacalo 
of  sis  inches  to  one  mile,  (1:10,560).  That  scale  has  since  been 
abandoned,  and  it  is  novr  platted  on  a  acak  of  two  inches  to  1  mile, 
(1 ;  31,S80),  and  the  gonoral  maps  are  made  to  only  half  that  scale. 

The  Ordnance  Survey  aeaJc  for  the  maps  of  London  and  other 
large  towns,  is  5  feet  to  1  mile,  0. :  1056),  or  1 J  chains  to  one  inclii 

In  the  "  SiureyB  under  the  Public  Health  act"  of  England, 
the  scale  for  the  general  plan  is  two  feet  to  one  mile,  (1;2,C40)  ; 
and  fur  the  detailed  plan,  ten  feet  pcrmile,  (l:5i28),  or  two-third« 
of  a  chain  per  inch. 

The  Government  Survey  of  France  is  platted  to  a  ecale  of 
1:20,000.  Copies  are  made  to  1:40,000;  and  the  maps  &re 
engravftd  to  a  scale  of  li^SOiOOO,  or  about  |  inch  to  1  ntiJe. 

Caaaini's  famoua  map  of  Franco  waa  on  a  scale  of  1 : 86,400. 

The  French  "War  Department  employ  the  ecalea  of  1:10,000; 

1:20,000;  1:40,000;,  and  1:80,000;  for  the  topography  of 
France. 

<47>  Rail-road  Surveys.  For  these  the  Nefi--Tork  General 
Rail-road  Law  of  1850  directs  the  scale  of  maps  ■which  are  to  b» 
filed  in  tlie  State  Engineer's  Office,  to  be  five  hundred  feet  to  one- 
tenth  of  a  foot,  (=  1 ;  5000.) 

For  the  New- York  ConaJ  JIaja  a  scale  of  2  chains  bo  1  inch 
(1 : 15S4)  ta  employed. 

Tlie  Parliamentary  "  standing  orders"  prescribe  the  plana 
Rail-roadSi  prepared  for  Parhamcntary  pui-poses,  to  ha  made  on  a 
scale  of  not  leas  than  4  inches  to  the  mile,  (1 : 15840)  :  and  the 
enlarged  portions  (as  of  gardens,  court-yartla,  &c.)  to  bo  on  a  scale 
not  smaller  than  400  foot  to  tho  inch,  (1 :  4800.)  Accordingly 
the  practice  of  English  Railway  Engincera  ia  to  draw  tho  wholo 
plan  to  a  scale  of  G  chants,  or  396  feet  to  the  inch,  (1 :  47521  as 
being  juat  ^thin  the  Parliamentary  hmits. 
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In  France,  the  Engineers  of  '*  Bridges  and  Bcflds"  (Corps  dei 
Ponta  et  Cbaussees)  employ  for  the  general  plan  of  a  road  a  scnla 
of  1 :  oOOO,  and  for  appropriations  1 :  500* 

(48)  In  Iho  United  States  Engineer  service,  the  following  scale! 
ar*  prescribed : 

Gs'ii'^rnL  fiUui  of  buililingi,  1  incb  tu  ID  fL-ct,  {I;  ISO}. 

Mnp«uf  graiind,  wLtL  hqrUQaLnl  curve*  gap  fwjl  apail,  1  bch  l»50  feet,  (1  j6WJ 

TaiiogrnpbtL-bl  mapi,  one  mile  and  a  half  Aquore,  2  IWet  to  one  mile,  (1 : 2,6<0) 

Do,  compriuDg  tliree  milei  «c]riBre,  I  fnot  lo  oao  mile,  ( 1 :5^S0). 

Oo,  botweeu  four  anil  eight  mile*  iqoiirp,  6  inchf*  W  me  mile,  { 1 ;  1I),SGI)}. 

Dn.  campriaing  oine  naUoi  wgusre,  4  iuchci  to  one  mile,  (1: 15,840). 

Mnp*  Dot  eiCMMding  S4  miles  iq^unre,  2  iDcbin  E«  one  mile,  (1 :31,C8Q]. 

Mop*  comprising  50  miles  Bquan.',  I  inch  lo  ono  mile,  ( t :  63,300}, 

Maps  compriung'  100  niiln  tquore,  ^  iudi  lo  one  milet  (1: 126,TS0-) 
&ir«-e^»  of  Rand*.  CanqU,  S^.,  I  I'licli  lo^  foot,  (I:6{IDJ. 


(49)  The  most  convenient  acalea  of  equal  parts  are  those  of  box- 
wood, or  ivory,  which  have  a  fiducial  or  feather  edge,  along  which 
they  are  divided,  so  that  dtatancca  caa  be  at  once  marked  off  from 
Ilia  edge,  without  reiiulriag  to  be  taken  off  i>-ith  the  dlridera ;  or 
the  length  of  a  ^ven  line  can  bo  at  once  read  off.  Bos-wood  is 
preferable  to  ivory  as  much  less  liable  to  ^raqj,  or  lo  vary  in  length 
with  changes  in  the  moisture  in  the  air. 

The  student  can,  LoTcvcr.  make  for  himself  platting  scaJcs  ot 
drawing  paper,  or  Briatol  board.  Cut  a  straight  strip  of  thia  mate- 
rial, about  an  inch  wide.    Draw  a  line  through  its  middle,  and  set 


fi-.  17. 


ri 
n 


off  on  it  a  number  of  equal  jiarts,  each  representing  a  chain  to  the 
desired  sc:^e.  Sub-diride  the  left  hand  di™ion  into  ten  equal 
jurts,  each  of  which  will  therefore  represent  ten  links  to  this  scale. 
Through  each  point  of  division  on  the  central  line,  draw  (with 
llie  T  Btjuare)  perpendiculars  extending  to  the  edges,  and  the 
ecale  is  made.  It  explalna  itself.  The  above  figure  is  a  seals  of 
2  chains  to  1  inch.    On  it  the  distance  220  linica  would  extend 

;( 
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between  tJio  arrow-heada  above  tlie  line  in  the  figure ;  500  liTiVa 
extends  bctwceu  tlie  lower  arraw-headg,  kc. 

A  paper  scale  has  tLo  great  ndvantage  of  varying  Icsa  from 
u  plat  wliich  has  been  made  by  it,  in  consorjuenco  of  cbangea 
in  the  weather,  than  any  other.  The  mean  of  many  tiiala 
ahoweii  the  (lifibrcnce  between  sneb  a  acale  and  drawing  paper^ 
when  exposed  alternately  to  the  damp  open  atmosphere,  and  to  the 
air  of  a  warm  dry  room,  to  be  equal  to  .005,  while  that  between 
box-wood  scales  and  the  paper  was.  .012,  or  nearly  '2^  times  as 
much.    The  differenco  with  ivory  would  have  been  even  greater. 

Some  of  the  more  usual  platting  -Bcales  are  here  ^?en  lu 
their  actual  diraensions. 

In  these  fivo  figures,  different  methods  of  drawing  tlio  scal'SS 
have  been  given,  but  eacli  metliod  may  be  applied  to  aoy  acale 
The  first  and  second,  being  the  most  simple,  are  generally  the  best. 
In  the  third  the  subdivisiuna  aro  made  by  a  diagonal  line :  the 
distances  between  the  various  pairs  of  arrow  heads,  begiiming  mlh 
tlie  uppermost,  are,  respectively,  3l0,  540,  and  270  Hnks. 

t'ig.  18.    Seak  oj  1  chain  ta  1  insl. 
ti""  M  I  i 

Fig.  II).    Scale  of  2  cliaint  fa  I  inch. 


o 

1 

z 

1  1 1 

1 1  1 



 1  

1     ..  1 

1  1 

 1] 

0 

f 

1 

"ig.  30.    Seait  of  3  Aaint  to  1  met. 
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In  the  fourth  figure  the  distances  between  the  aiTOw  heads  an 
respectively  310,  270,  and  540  linta. 

Fig,  2t.    SeaU  of  A  chitns  fo  1  inch. 

BE 
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Drawing  th«  iflap. 


In  the  fifth  figure  tlie  scale  of  5  chains  to  1  iuch  is  subdivided 
diagonally  io  only  every  q^aai'ter  cLain,  or  25  links.  The  distance 
between  tha  upper  pair  of  arrow-heads  on  it  is  12J  chains,  or  12.25 ; 
butween  the  ns£t  pair  of  iLrron'-lieada,it  ia  6.50  ;  and  between  the 
lower  pair,  14.75. 

S3.    SeaU  iff  5  ckatia  la  1  inch. 


•      a     »     1  1 

-1 

,  ^  

1 

A  diagonal  scale  for  diridin^  an  iiich,  or  a  half  inch,  into  100 
equal  porta,  13  found  on  the  "  Plain  scale"  in  every  case  af  iiLStru:- 
uients. 


(Ml)  Vfrnicr  Scale.  This  is  an  ingenious  substitnte  for  the 
diagnnal  scale.  Thw  one  given  in  tlie  following,  figure  dii'idea  an 
iuch  into  100  cijual  parts,  and  if  each  iuch  be  supposed  to  represent 
a  chain,  it  givea  single  links. 


Fig.  33. 
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Maike  a  scale  of  an  inch  dinded  into  tenths,  as  in  the  upper 
scale  of  the  above  figure.  Take  in  the  dividera  eleven  of  these 
divisions,  ctnd  set  oS  thla  distance  from  the  0  of  the  scale  to  the 
left  of  it.  Divide  the  distance  thus  set  off  into  10  e'H-ial  parts. 
Each  of  them  will  he  one  tenth  of  eleven  tenths  of  one  incli ;  i.  e. 
eleven  hundredtha,  or  a  tenth  aad  a  hundredth,  and  tlio  first  di- 
Tiaion  on  the  short,  or  vernier  scale,  will  overlap,  or  be  longer  than 
tiie  fiist  dirision  oa  the  long  scale,  by  just  one  iiiuidredtli  of  an 
inch ;  the  second  dirision  will  overlap  tico  hundredths,  and  bo  od. 
The  prinnple  ivill  he  more  fu!!j  developed  in  treating  of"  Vomiera," 
Part  IV,  Chapter  II. 

Now  supjwse  we  wish  to  take  off  from  this  scale  21o  hundredths 
of  an  inch.  To  get  the  last  figure,  we  must  take  five  dlnslona  on 
the  lower  scale,  wliich  will  be  55  hundrcdtlis,  for  the  reason  just 
ffma,    220  will  remain  wtiich  are  to  he  taken  from  tha  upper 
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scale,  and  tho  oatirc  miml-Hir  ivill  bo  obtained  at  oiicc  hy  extending 
the  diridcra  betw&cii  the  airoTr-heada  in  the  figure  from  220  oq  thti 
upp« r  scale  (iQoasmiug  along  its  lowci-  aide)  to  55  oa  the  lower  scale, 
254  'would  extend  Erom  210  oa  tbc  upper  scale  to  44  on  tlio  IotsTi 
318  would  extftnd  from  230  on  tlie  upper  scale  to  88  on  the  lower. 
Always  begin  then  mth  subti-acting  11  tioiea  tho  last  ti^e  from 
the  giTcn  Qumber;  find  the  rcmfiiiiders  Ob  tJie  upper  euale,  and 
the  number  subtracted  on  the  lower  scdc. 

(51)  A  plat  is  sometimea  toado  by  a  ncmiaallj  reduced  bmio 
in.  the  following  nmmier.  Suppose  that  the  scale  of  tbc  plat  is  to 
be  tc^a  chains  to  one  inch,  and  tltnt  a  diagonal  seale  of  inches,  divided 
into  tenths  and  hundredths,  is  the  onlj  one  at  band,  By  dividing 
all  tho  distances  by  ten,  this  scale  can  then  le  used  without  any 
further  reduction.  But  if  tho  content  is  measured  from  the  plat 
to  the  same  scale,  in  the  manner  e^laincd  in  the  next  chapter,  the 
r&sult  must  be  nultipliei  by  10  times  10.  This  13  called  by  old 
Surveyors  "  Kaising  the  scide,"  or  "  Eeatoring  true  jnoasurc." 

(52)  Scclonl  Scales.  The  A'e^^'^r,  (called  by  the  Treucb 
"  Compass  of  Proportion"),  is  an  in&trunient  sometimes  convenient 
for  obtaining  a  scale  of  cjual  parts.  It  is  in  two  portions,  turning 
on  a  hinge,  like  a  carpenter's  [locket  nile.  It  contains  a  great 
number  of  scales,  but  the  one  intended  for  thLj  use  is  lettered  at  its 
ends  L  in  English  instrnmcntg,  and  constats  of  two  lines  ninnin^: 
from  tho  centre  to  the  ends  of  the  scale,  and  each  divided  into  ten 
eijual  parts,  each  of  which  is  agtun  subdivided  into  10,  flo  that  each 
lag  of  the  scale  contains  100  Fi?-  21- 

eijual  parts.  To  illustrate 
its  use,  suppose  that  a  scale 
of  7  chsLina  to  1  ineh  is  re- 
rinired.  Take  1  inch  in  the 
dividers,  and  open  the  sec- 
tor till  this  distance  will  just 
reach  trora  the  7  on  one  log 
to  tho  7  oa  the  other.  The 
tector  is  then  "  set"  for  this 


AO  .  AB 


a  ABe : A  ABC 

AD*  AC  :  Aa  t  AC.  . 


A  AOC  :  A  ABt 

AD\A&\.At..At  JU^  AD'.AQ 

AO":  Aa*     AD.Ae  :  AB.  AC  A  AOS  .A  ABC 


a/Mm,       £^  a^^d*^*,Aei'  a^a/b. 


AC  :  AC 


AD-.Ae. 


AO  :  ^fl  . 

Scale  omilted.  It  may  be  rcr^itirccl  to  tiou  luu  Luiniiunu 
scale  to  wlilcii  a  pven  map  has  been  diawn,  its  superficial  content 
boing  knomi.  Assume  any  conveai'Cnt  scale,  measure  tlio  linea 
of  the  map  by  it,  and  fiail  die  content  liy  the  methods  to  be  ^ven 
in  the  Dcxt  chapter,  proccedmg  as  if  the  assumed  scale  were  tho 
trae  one.  Then  make  tliis  proportion,  founded  on  the  geometrical 
ptnciple  that  the  areas  of  similar  figurca  are  as  tho  sfjuarcs  of  their 
correspondiog  sides :  As  the  content  found  I«  to  the  given  content 
&>  it  the  S'luare  of  the  assumed  scale  To  the  siiuai-c  of  tho  true  scale. 


cnAP.  nr.] 


DnvlDg  lb«  .lUp. 


scale,  and  tho  angle  of  its  opetiing  must  not  be  a^in  ehaLgcd. 
Now  ht  a  (Ibtanee  of  5S0  links  be  required.  Opeu  tlie  dividera 
till  they  reach  ftum  53  to  5S  on  the  two  le^,  as  in  the  dotted  line, 
la  the  figure,  and  it  is  tha  required  distance.  Agaiu,  suppose  that 
a  S'jale  of  '2^  cliaius  to  one  inch  is  deaircd.  Open  the  sector  bo 
thit  1  inch  shall  exteud  from  55  to  25.  Any  other  scil*  may  be 
obtained  in  the  same  maimer. 

Convereelj,  the  length  of  any  known  line  to  any  deared  scale 
can  thus  be  r&adily  dotcromcd. 

(53)  Whatever  scale  may  be  adopted  for  platting  the  survey,  it 
ehotthl  ho  drawn  on  the  map,  both  for  convcniDuee  of  reference, 
and  in  order  that  the  eoatractioa  and  expansion,  caused  by  changes 
in  the  cjuandty  of  motstnre  in  the  atmosphere,  may  aficct  the  scale 
and  the  map  ahke.  Wlien  the  drawing  paper  baa  been  wet  and 
glued  to  a  board,  and  cut  off  when  tlie  map  is  comjleted,  ita  con- 
tractions have  been  found  by  many  observations  to  average  from 
one-fourth  to  onc^half  per  cent,  on  a  scale  of  3  cliains  to  an  inch, 
(1:237G),  which  would  therefore  refiuire  an  allowance  of  from 
ooe-half  perch  to  one  perch  per  acre. 

A  scale  made  as  directed  ui  Art.  (49),  if  used  to  miJio  a  plat 
on  unstretched  paper,  and  then  topt  with  the  plat^  will  answer 
nearly  the  samo  purpose. 

Such  a  scale  may  he  attached  to  a  map,  by  slipping  it  tbrougi. 
two  or  three  cuts  in  tlie  lower  part  of  the  sheet,  and  will  he  a  very 
coQVenieDt  substitute  fi>r  a  pair  of  dividers  in  measunng  any  dis- 
tance upon  it. 

(54)  Scale  oinlllcd.  It  may  be  required  to  find  tbe  untnown 
scale  to  which  a  given  map  has  been  drawn,  its  aupcrfiiiial  eonient 
being  known.  Assume  any  convenient  scale,  measure  the  llnea 
of  the  map  by  it,  and  find  tbo  content  by  the  mcthodB  to  be  given 
in  the  next  eiiapter,  proceeding  as  if  the  assumed  scale  were  the 
true  one.  Then  make  this  proportion,  founded  on  the  geometrical 
principle  tliat  the  areas  of  similar  figures  are  as  the  squares  of  their 
eorrespoading  sides:  As  the  content  found  /»  to  the  given  content 
iSt;  I*  the  sijuare  of  the  assumed  scale  Ta  flic  square  of  the  true  scale. 
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CHAPTER  IV. 


CiLCULATnC  THE  CONTEXT, 
(fij)  Tlie  Contest  of  a  piece  of  ground  is  'is  Buperficinl  area, 
or  the  namhor  of  B(juare  feet,  yards,  acres,  or  miles  wliich  il 
coiitnina. 


(56)  llortzonlal  Measnrcmfnl.  All  grcmnd,liijwever  inclined 
or  uneven  its  surface  may  be,  sKoultl  be  measured  horizontally,  or 
aa  if  brought  do™  to  a  horizontal  plaiie,  so  that  the  surface  of  a 
hill,  thu3  measured,  would  give  the  same  content  as  the  level  haao 
on  whlcli  It  may  be  supposed  to  stand,  or  as  the  figure  vvhich  would 
bo  formed  on  a  level  Burfacc  beneath  it  by  dropping  plumb  lluea 
from  every  point  of  it. 

This  method  of  procedure  ia  required  for  both  Geometrical  and 
Social  reasons. 

Geometrically,  it  is  ]>laln  tliat  this  horizontal  meaanrenient  ia 
absolutely  necessary  for  tlie  purpose  of  obtaining  a  correct  plat. 
In  Fig.  £5,  let  ABCD,  and  BCEF, 
be  two  aijuare  lots  of  groimd,  platted 
horizontally.  Suppose  the  ground  to 
slope  in  all  direcdons  from  tlie  point 
C,  which,  13  the  summit  of  a  hill. 
Then  the  lines  EC,  DC,  measured  on 
the  Blopid,  arc  longer  thtm  if  measur- 
ed on  a  level,  and  the  field  ABCD, 
of  Fig.  25,  platted  with  these  long 
lines,  would  take  tho  shape  ACGD 
in  Fig.  26;  and  the  field  BCEF, 
of  Fig.  25,  irould  become  EIIEF  of 
Fig.  21).  The  two  adjoining  fields  would  tliu3  overlap  eacli  other ; 
flJid  the  Bamo  difficulty  would  occur  in  every  case  of  platting  any 
two  adjoining  fields  by  the  measurements  made  on  the  slope. 


Calrulatin?  the  Conlfnt. 
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Let  113  suppose  another  case,  fig.  er, 
more  simple  tLan  woulil  ever  oc- 
cur in  practice,  that  of  a  tliree- 
sidod  field,  of  tqaul  sid&3  and 
composed  of  three  portions  each 
slopdag  down  uniformly,  (at  the 
rate  of  one  to  one)  from  one  point  in  the  centre,  as  in  Fig.  27. 
Each  slope  hcing  accurately  platted,  the  three  could  not  come 
together,  but  would  he  separated  as  ^  Fig.  28. 

We  have  hero  tiken  Uie  most  simpl-c  cases,  those  of  aiiifomi 
slopes.  But  with  the  common  irregularitieiS  of  imeven  ground,  to 
mcasnro  its  actual  surface  would  not  only  he  impro-per,  but  impos- 
sihte. 

Id  the  S'>c'ud  aspect  of  this'question,  the  horizontal  measurement 
13  justified  by  the  fact  that.no  more  hoiisea  can  be  hiult  on  a  hill 
than  could  be  built  on  its  flat  b^c  ;  and  tliat  no  more  trees,  com, 
or  other  pl^ts,  which  shoot  up  vertically,  can  grow  on  it;  03  is 
iBprCainted  by  the  vertical  linos  in  the 
Figure.'  Even  li"  a  side  hill  should  pro- 
duco  more  of  certain  creeping  plants,  the  ^j-fj 
increased  difficulty  in  tlicir  cultivntioa  might  perhaps  balance  tliis. 
For  this  reason  the  surface  of  the  soil  thus  measured  ia  aomelimes 
vailed  tAe productive  lusis  of  the  {^und. 

Again,  a,  piece  of  land  containing  a  hill  and  a  hoUow,  if  measured 
on.  the  surface  would  ^ve  a  larger  content  than  it  would  after  the 
hollow  hai  boon  filled  up  by  tlie  hill,  while  it  would  yet  really  bs 
of  greata  yaluo  than  before. 

Horizontal  mcaaureintnt  is  called  the  "  Method  of  Cult<:liation," 
&tid  Superficial  meaaurcment,  the  "  Method  of  Devclopcment."t 

An  act  of  the  State  of  New- York  prescribes  that  "  The  acre,  for 
land  taeosurc,  shall  be  tacasured  horlzontaJlv." 

"  TUia  question  «  mom  llian  two  llioimiinl  \(-nri  olil,  fo-i-  Polyliiun  wHim, 
"Some  oven  nf  iliose  who  nru  eirifJkireii  in  Ilto  niliiiiniBlrulion  of  stnlcs,  or  plncttl 
■t  ihc  head  (nf  Bntiifi,  irniij^int?  thnE  iiiK-cmal  41111I  Iiilly  gmmd  nill  cuulntii  uku'd 
llouK*  lliQu  n  inrfiLco  wliich  11  Slat  etui  K'vl-I.  TWia,  Iiiiwcvcr,  la  not  lbs  trutli. 
For  ttc  houjiev  [te'm^  rRtsvui  \n  n  vcrci^ni  li  tic,  jffirm  ri£:1jt  nnglFri,  not  "w  'lih  llio 
clivtly  of  Ihe  grouud,  btit  wjtli  the  flot  tnrface  wiiicli  lies  bn-Tuw,  and  iipoti  wbioh 
tli«  hills  ilR'insGlvffl  i.Iia  stnnil." 

t  Tlic  foi'iner  fiona  Cutltnun,  a  hnifn,  □*  if  tho  liilli  were  s'icrd  dIF;  ttr  IntWl 
K  itattied  btcuuH:  ii  ttiripi  oil'  i>r  iiitrcliUi  ui  it  u  erf,  ibe  surface. 
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(57)  tnlt  of  ContenL  The  Afte  k  the  unit  of  land-moasuro. 
ment.  It  coataiLs  4  Hoods.  A  Mood  contama  40  Perches.  A 
Perch  is  a  sqaarG  Rod ;  othcmise  colled  a  Pcrcli,  or  Pole.  '  A 
Jlod  is  5^  yardsj  or  IG^  feot. 

itenee,  1  acre  =  4  RcM)d5  =  llJ0  Perches  =  4,S40  snuar* 
jardfl  =  43,500  stiuaro  feet. 

One  Bquai-e  milo  =  52S0  x  5280  feot  =  640  acres. 

Shice  a  chain  Is  GQ  foc£  long,  a  square  chain  contauia  432<]i 
iquarc  feet ;  rmd  conseciueatly  ten  square  cliaim  make  one  acre.' 

In  different  parts  of  England,  the  aero  varies  greattj".  The 
statute  acra,  ns  in  the  Unitod  States,  contains  160  square  perehea 
of  IC^  feet,  or  43,5G0  square  feot.  The  aero  of  Beronshiro  anil 
Somersetshire,  contains  li30  pcrclies  of  15  feet,  or  36,000  equaro 
feet.  Tbo  acre  of  Coruwall  is  160  percliea  of  18  feet,  or  51,340 
square  feet.  The  acre  of  Laneaaliire  ia  100  porches  of  21  feet,  or 
70,560  3(iuaro  feot.  Tlio  aero  of  Cijosliiro  and  Staffordshire,  ia 
iCO  poi"che3  of  24  feot,  or  fl2,160  square  foet.  The  acre  of  Wilt- 
shire 13  1"20  percliGS  of  IG^  feot,  or  32,070  square  feot.  The  acra 
ill  Scotland  consists  of  10  square  chaina,  each  of  T-i  feet,  and  there* 
fure  contains  54,760  square  feet.  The  acre  in  Ireland  id  tho 
sanie  as  the  Lancasliire.    Tiie  chain  ia  84  feet  long. 

Tho  French  umt3  of  land-measure  are  the  ^rcs  100  aquai'O 
.d/circif,  =  0.0247  acre,  =one  fortieth  of  an  aero,  neaily  ;  and  tho 
Ueatai'K  =  10^)  Ares  = 'lAl  acres,  or  noai-lj  two  and  a  half. 
Tkeir  old  Iimd-moasm-es  wore  the  "  Arpont  of  Paris,"  oontaining 
36,800  Btjuaro  feet;  and  tho  "  Arpent  of  Waters  and  '\Tooda," 
eonljuuing  55,000  sqiuirc  feet. 

(58)  When  the  content  of  a  piece  of  laud  (obtained  tj  any  oF 
tho  methodg  to  bo  cjqtlahiod  prosontly)  ia  ^vcn  in  sijuaro  links,  aa 
b  customary',  cut  off  four  figures  on  the  right,  (i.  e.  divide  by 
lOiOOO),  to  get  it  into  squai'o  chains  and  decimal  paiis  of  a  chain  ; 
cut  offtiio  right  hand  figure  of  tho  tqttare  ehaiitSj  and  the  renjain- 
ing  figures  will  he  Aoea.  Jlidtiply  the  romaUitter  by  4^  and  the 
figure,  if  any,  outside  of  the  new  decimal  point  wiU  ba  Itooda. 

'  l-ic  lUe  yuijii;  •tiuk'iil  liowiirc  "f  tonrimiiJing  IC  MHinrc  elm'"*  whb  !• 
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falcnUllii'  Ibc  fi)itt«u(. 


Multiply  tlie  remainder  hj  40,  and  the  (ra^de  fignres  "irSt  ba 
J'erchns.    Itc  ncai-est  round  mimbor  la  uaually  taken  for  the 
Perches;  fractiona  less  than  a  half  perch  bting  disrcgarderl.* 
TLus,  86.22  squfire  cliaiiis=  8  Acres  2  Roods  20  Perches. 


Also, 

64.1818 

do. 

=  6  A. 

1  II. 

27  P. 

u 

43.7564 

do. 

=  4  A. 

IR. 

20  P. 

il 

Tl.lOoo 

do. 

=  7  A. 

OR. 

IS  P. 

ti 

82.50 

do. 

=  8  A. 

IR. 

0  P. 

u 

8.250 

do. 

=  0  A. 

3  R. 

12  P. 

u 

0.8250 

do. 

=  0  A. 

0  R. 

13  P. 

(59)  Tlic  following  Tahlo  gives  lity  laero  inspection  tto  Roods 
and  Ptrclics  correapondmg  to  the  Decimal  parts  of  an  Acre.  It 
explains  itself. 


ROODS. 

L 

1 

2 

3 

,  (JUL! 

.2ai) 

.750 

+  0 

! 

.000 

.250 

.756 

+  3 

.012 

.2G2 

M■^ 

.702 

+  2 

.019 

.51ft 

.7011 

+  3 

.025 

.275 

.525 

.775 

+  4 

.031 

,281 

.631 

-781 

+  5 

.037 

.237 

,537 

.787 

+  6 

.044 

.2t>4 

,544 

.794 

+  7 

.050 

.300 

,550 

.800 

+  8 

-OoO 

.30(5 

.5.51) 

.80f; 

+  5 

.OO'J 

.312 

.bG-I 

,812 

+  10 

.065 

.319 

.5051 

.819 

+11 

.075 

.323 

.575 

.825 

+  12 

.OSl 

.331 

.581 

.831 

+  13 

A 

.087 

.337 

,587 

.837 

+  14 

< 

.004 

.344 

,594 

.8+4 

+15 

.100 

.350 

,eoo 

.850 

+16 

.100 

.350 

.60ti 

.850 

+  17 

.112 

.382 

.612 

.802 

+  18 

I 

.119 

.3GD 

,610 

.8G0| 

+  l!t 

.125 

.375 

,625 

.87  5' 

+2(1 

l(OOD«. 

I'p  relies, 

1 

2  1  3 

-isii.asi 

.ei;ji 

.BSl 

+21 

.137 

,387 

.037 

.887 

+22 

,144  ,Sf4 

.044 

.8S)4 

+23 

.150 

.400 

.050 

.900 

+24 

.150 

.40(3 

.660 

,900 

+25 

.102 

.412 

,CC2 

.012 

+20 

,100 

.419 

,CCfl 

.919 

+27 

E 

.175 

.4-25 

,676 

.925 

+28 

e 

.181 

.431 

.681 

.931 

+20 

2 

.187 

.437 

.C8T 

.937 

+  3(1 

.104 

.444 

.004 

.944 

+31 

.200 

.450 

.700 

.950 

+32 

a 

.200 

.450 

.706 

.950 

+33 

Z 

2J2 

.402 

.712 

.902 

+34 

!219 

.409 

JYJ 

.909 

+35 

.225 

.475 

,725 

.975 

+3C 

.231 

.481 

.731 

.981 

+37 

.237 

.487 

.737 

.987 

+  38 

,244 

.494 

.744 

.994 

+30 

.250 

.500 

.750 

1.000 

+40 

(K>)  fbain  forrccliO'n.  When  a  eurvpy  haa  been  made,  and 
the  plat  has  leco  diuwa,  and  the  content  calcnlatcd;  and  after- 


*  To  rcdaee  ■iguarp  yards  to  ncrci,  iiiatPU'I  uf  diriiliiig  I17  4841^,  il  ii  encier,  nnd 
VOTT  nearly  corrcci,  io  muUinlj-  by  S,  uul  alTfiiur  tigiiri'Si  itaU  nilJ  lo  lliii  product 
MW-ttiii'd  vf  gnf-Wlitli  of  it4v[f. 
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vaiia  ike  chain  is  found  to  luave  been  incorrect,  t'»  short  or  too 
long,  tlio  traa  content  of  the  land,  may  bo  found  by  tliie  proportion : 
As  the  square  of  the  length  of  tbe  standard  givec  liy  the  incorrect 
chain  Xa  to  the  square  of  the  tnie  length  of  the  standard  So  is  the  cal- 
ciilatcii  content  To  the  true  ci>ntent.  Thus,  suppose  that  the  chain 
used  had  been  bo  stretched  that  the  atiadard  distance  mcasureii  hj 
it  appeal's  to  be  only  99  links  long;  and  that  a  square  field  had 
been  measured  by  it,  each  side  contaiaing  10  of  these  long  chains, 
and  that  it  had  heen  so  jiSatted,  This  plat,  and  therefore  the  con- 
tent calculated  from  it,  will  be  amaJler  than  it  should  bo,  and  the 
correct  content  will  be  found  by  th3  propordon  09'  :  100^  :  :  100 
sif.  chaim  :  102.03  aiiuaro  ehfuos.  If  the  chain  had  been 
stretched  bo  as  to  be  101  true  lints  long,  as  found  by  comparing 
it  with  a  correct  chain,  the  content  ivould  be  jgiveu  by  tliis  propor- 
don:  100=  :  101^  : :  100  square  chains  :  102.01  aquaro  chfuns. 
In  the  fonnor  ease,  the  elongatioa  of  Uio  chain  was  l^'j-  true  linlcs  ; 
and  100'  :  (lOlgV)^  : :  100  squaxe  chains  :  102.03  square 
chains. 


(Gl)  Boaudary  Lloes.  The  Itnoa  whicli  ar<s  to  be  couudcrod 
ae  hounding  tlie  land  to  he  surveyed,  are  often  very  uncortoin, 
unless  specified  by  tlio  title  deeds. 

If  the  houndary  be  a  hroolc,  the  middle  of  it  Is  usually  the 
ilary  line.    Ou  tide- waters,  the  land  is  usually  considered  to  extend 
to  low  water  mark. 

Where  hedges  and  ditchoa  are  the  boundarica  of  fields,  aa  la 
almost  univcraally  the  case  in  England,  the  (UTidlng  line  is  gene- 
rally the  top  edge  of  the  ditch  farthest  from  tlie  hedge,  both  hed^ 
and  ditch  Lelonging  to  the  ficM  on  the  hedge  side.  This  varioB,' 
however,  with  the  customa  of  the  locality.  From  three  to  kje  foet 
from  the  i"oots  of  the  quictwood  of  the  hedges  are  allowed  for  ths 
ditcbos. 
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tnaoglo  &9d  tbe  per|:«Ddicabr  tSgtMoee  to  it  frm  the  opposite 
uigte ;  like  «<Qtait  of  ibe  tran^  is  eqnal  to  half  tfa«  pvdnct  «f 
tbe  adc  BDd  perpendkolv- 

Wlicti  the  ^rcn  qonlities  are  the  three  Mm  ti(  th«  trian^ ; 
ai  l  t(^«Uter  tb«  tfaoea  ndM  sad  Aiids  tlie  nob  I17  2;  fins  tUi 

tbe bilf  siBO  aafl  the  three  jeaaaaAen%  take  the  aqoare  iwt  of  tfie 
[iralaet ;  h  U  the  cwteat  icqured.  If  tbe  mim  «f  Oe  tnn|^ 
be  jes^ted  bj  a,  ft,  e,  and  tfanr  Ban  I17     Oil  nls  will  pre  it* 


4£  ■  Irilgir.  Mi 


le^HM^^  Mfl  kocn  >>A  Ac  B«a  » I    ML  ^ 

US  of  CM^W  ^  giMMglwi,  Mi  MM  hf 
UfaM  ibv  Ane  M^  W  ■  ii 
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(8G)  Piirallclo^rams ;  or  four-^icd  Ggai-cs  i^lwse  opposite 
Bides  are  p-irallcl.  The  content  of  a  Parallelogram  equaJs  tbe 
f  roila? t  of  one  of  its  sides  by  tlte  perpendicular  distanfle  bciwc«a  it 
and  the  side  parallel  to  it. 

(07)  Trapezoids ;  or  fom--3id«d  figiu«g,  t  tm  opposite  sideg  of 
which,  arc  parallel.  Tie  content  of  a  Trapezoi'cE  equals  Ldf  the 
product  of  tlic  sum  of  th*  parallel  stdcs  by  the  porpondicuhr  dis- 
tance betivGeti  tliom. 

If  tho  given  q^nantatiea  arc  tho  four  sides  rt,  fi,  <?,  d,  c>f  wliich  b 
and  d  are  parallel ;  then,  miking  5  =  ^        &  -^  c —  (7),  the  area 

nf  tho  trapezoid  fliU  =  / [?  Cl — ")  0/  —  0  (2 — b+d},']* 

(08)  Quadrilaterals,  or  Trapczinnis;  four-sided  figures,  none 
of  whose  Bides  are  piualleL 

A  very  gross  orl'or,  often  comnutted  as  to  tJiia  figure,  ia  to  take 
the  averaga,  or  half  sum  of  its  opposite  H.de3,  and  multiply  them 
together  for  tho  area:  thus,  assuming  tho  trapcaium  to  bo  equiva- 
lent to  a  rectangle  I'vith  these  averages  for  sides. 

In  practical  surveying,  it  is  usual  to  measure  a  line  accosa  it 
from  comer  to  comer,  thu3  dividing  it  into  two  triangles,  whose 
sides  arc  knowTi,  and  which  can  therefore  ho  oalotdated  hy  Art.(65).t 

•  Wlicn  iwn  pnnillpl  sirics,  fi  nod  d.  aii'l  a  lliitd  a,  eve  ttiveii,  nrid  nho  [he 
nnglci  C,  wliii'li  iliia  iliii-d  aiflo  lunked  wiih  oub  oi  ilie  parnllcl  fiidts,  tLeu  xlia 
cuuteiit  of  (lie  irapezoid=^LlJ .  a .  li  ii.  C. 

t  When  luio  ttppoiiie  nda,  ami  all  the  angUt  nre  given,  uka  oi>e  aide  and  ils  ail' 
jnctiil  iLn!;lej,  (nr  ilicir  eiipplemt-iil!',  wlii'i)  ilitir  aiini  cstii.'da  180"),  consiiltT 
liiiriti  oa  tdoiigiiig  la  a  inaiigk,  nri j  fiinl  ils  i<i-eo  |jy  ilii;  Bfi-opil  fomiiilft  in  too 
liuto  oil  piig'i;  4J.  Dii  tin.-  iumo  wiih  llip  olhcr  iiJe  mid  its,  rfdjocejit  angle*.  Tljft 
tlifliifetice  of  Uie  twii  jiroua  will  be  tiio  ni'ea,  cf  llie  quadriliilei'nJ. 

tVhcn  Chrtc  iiiU*  and tkeir  tirjinrCndtd  angla  arc  givuii,iniilli|<l)'  logclhe-r  the  slno 
afcme  given  nnolti  nivi  its  ndjnci^iit:  eUh-n,  Do  die  saiuo  wilh  llic  aiiic  (■!'  tlic  iillier 
Ktvcii  aiJg'^"  nuifiij  Qiljncenl  »lile«.  Multiply  logetlifr  lUc  iwq  i.pposiio  iihUa  nml 
ainii  uf  Ibe  n  up  pi  cine  lit  of  tliu  mm  of  thf  givou  an^lf*.  Adii  lo^cllic?r  Uici  finl 
two  products,  mid  uild  also  tiio  lust  jiroduct,  if  llio  Bum  of  the  given  aogk'S  ii 
tnui't)  tlian  130°,  or  sui>irac[  it  if  this  mm  bo  Iehs,  and  lake  half  the  ri.'<iult.  Call- 
ing llio  givtu  gidea.,  p,  g,  T  i  nud  iIif<  nugle  bc[we>tn  ii  ami  i;  A  ;  and  iLe  aitglo 
twiwcuu  1  »ad  r  =  h  ;  <Iiq  a.tva  of  tk?  qDnJrilutcral 

=  a  [?  ■  9  ■  A  +  7  -  *'"•  ^  i  p  .  r  .  ftin,  f  180°  —  A  —  B)]. 
WTieii  lha  four  ttdci  ani  Ihe  taa  "/  avy  laa  npjKtiile  nuclei  are  give^,  jiroeeed 
l!ii>* :  Take  linlf  llie  Biiin  of  llie  foiif  given  «i(leii,  and.  friiui  it  iiubtratt  enoh  lida 
lu  tulU  Malliiil)'  t(i!;(![|itT  llit  four  rt'iiiniiidcrs,  mid  rt-siTvo  ilio  jimduct.  Miii- 
li|>iy  Icipvtlier  iliu  fmir  sid^a,  Tuko  liulf  ilivir  prailuLt,  iiiiiJ  iimlliMy  il  by  tb9 
»j»i[ie  (if  tftc  givL'ii  Slim  v(  tUo  uiig!..-*  tucfeoacil  [ij  uiitlv-    Rcgiti'd  iLii.'  ii^'ii  of 


0:-cA.   4BC0  -  &  -  ^  rtii  A  ♦  i*%*C  ('VU^  C  tS)  . 

i.lV.i'-iv^-'^t  laical  i«^/t.4«AC  tlV*w'Cj 
t*-  a*-' tZ"- Itt^.Crt  A  -V*0'.  lit-  CnC  ^:t(lU.Onk-U.C0,C}!^a.\i'-t^J■ 
AAt.wC /vviAtAt^  j-o-le^  ,  ci*t 
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(€9)  Hnrfaces  liomnted  hj  irregularly  curied  h'nfg.  TLe  rule* 
for  these  will  he  more  appropriateJy  given  in  coouection  vrith  tlie 
BUTTCjs  which  measure  the  necessary  lines  ;  as  explained  in  Part 
IT,  Chap.  m. 

(10)  SECOND  METHOD.— tEOMElHICALLV.  From  mto 
evrements  of  the  neecsiarj/  lines  upon  the  plat. 

(71)  Division  into  Triangles.  Tb'?  plat  of  a  piece  &f  groimd 
Laving  been  Jrami  from  tho  measurements  made  by  any  of  tJje 
motijoUfl  which  will  be  hereafter  explaiaed,  linos  may  be  di'awn 
upon  the  plat  so  aa  to  divide  it  into  a  number  of  trinngles.  Four 


Fig.  31.  Fijt-an.  >-ig.a3.  ?-ig.3J. 


■trays  of  doing  tiia  are  shoirn  in  the  figures  :  viz.  by  drawing  lines 
from  one  corner  to  the  olbcr  comers ;  fi-om  a  point  in  one  of  tJie 
sides  to  the  comers ;  from  a  point  inside  of  tho  figure  to  tie  cor- 
ners ;  and  from  various  comers  to  other  comers.  The  last  method 
is  usnally  the  best.  The  Lines  ought  to  bo  drawn  so  as  to  make 
the  triangles  as  nearly  equila-tcrrd  as  posslWe,  for  tlie  reasons  given 
in  Part  V. 

One  aide  of  each  of  tliese  triangles,  and  the  length  of  the  per- 
pendicular let  fall  upon  it,  being  then  measuredj  as  directed  in 
Art.  (13,)  the  content  of  these  triangles  can  be  at  onco  obtained 
by  multiplying  their  baae  by  tbetr  altitude,  and  dli-iiiing  by  two. 

Tlie  easiest  method  of  getting  tho  length  of  the  perpendicular, 
irithout  actually  drawing  it,  is,  to  set  one  pomt  of  the  dividers 
■t  the  angle  from  whicli  a  perpendicular  Is  to  be  let  fall,  and  to 

tlieco&ine.  ^jubtmtt  tlii»  {>rt,>t]uct  from  ihe  rtserveil  product, niiil  tak^  t1i«  tqui»'« 
toot  of  Ulc  Km&indcr.    U  will  be  th?  ftr*B  of  Uie  qoadriliitpml. 

I  llUil  On  J'lUr  ritlet,  Ojul  t\a  angle  pJ  iuUrKcitOtt  aj  ike  ^ingcmalt  of  Ike  ipiadrit^ 

lerai  are  jwn;  S'|iiiiri!  cm-li  tUti^;  niiil  logtiln'i'  ibo  Hpiurfu  iil  ilie  oppoiita 
■iilfi :  InkLi  itiG  ilillttt'!ic<!  of  the  two  sums ;  inultiiiiy  il  liy  llie  Wnijeiit  ol  Ihn 
kii^lc  iif  intciT^ctioii,  am!  div  lilii  l)y  futir.    Tlir  qnolitiit  will  Lc  artit. 

If  kcA  tK<  iliagQiaU  r/  Me  qinftrilolrral,  a«d  liar  inefu'lril  iigle  are  givat,  lliul- 
lij>1y  tii^t'tbf-r  tbf  iwu  dku-iiiinU  tllid  rli^:  tiua  o(  itieir  iaduJfil  augle,  ami 
diviiio  by  two.    Tlii!  quotiuiil  uill  be  lie  area 
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open,  and  sliiit  their  lega  till  an  arc  described  by  the  odicr  poiol 
will  just  touch  the  opposite  side. 

0  theripiBe ;  a  platting  scale,  (deserih&d  in  Art.  (49)  miy  bo 
placed  80  that  the  zero  point  of  its  edge  coincides  with  the  angle, 
and  oue  of  its  cross  lines  coincides  with  the  side  to  ivhich  a  perpen- 
dicular 18  to  be  dra-wii.  Tlie  length  of  the  perpendicular  caa  then 
at  once  be  read  off. 

The  method  of  dividing  the  plat  into  triangles  i3  the  one  most 
commonly  employed  by  surveyors  for  obtaining  the  content  of  a 
iurvey,  because  of  the  simplicity  of  the  calcidadons  reqmred.  Its 
correctness,  however,  is  dependant  on  the  accoracy  of  tiie  plat, 
and  on  its  scale,  whicli  should  bo  as  largo  aa  possible.  Three 
chains  to  an  inch  is  the  amalleat  scale  allowed  by  the  English 
Tithe  Commiaatoners  for  plate  from  which  tie  content  is  to  be 
dctertmned. 

In  calcidating  la  this  way  the  content  of  a  farm,  and  also  of  iti 
BQparato  fields,  the  sum  of  the  latter  ought  to  equal  the  former. 
A  differerice  of  one  tliree-hundreclth  (g^)  is  considered  allowable. 

Some  surveyors  measure  tlie  pcrpendiculara  of  the  trianglea  by 
a  scale  half  of  that  to  which  the  plat  is  made.  Thus,  if  the  scale 
of  the  plat  be  2  chains  to  the  inch,  the  perpendicidara  are  mea- 
sured with  a  scale  of  one  chain  to  the  inch.  The  product  of  the 
base  by  tha  perpendicular  thus  measured,  gives  the  area  of  the 
triangle  at  once,  without  iu  requiring  to  bo  divided  by  two. 

Another  way  of  attaiuing  the  same  end,  with  less  danger  of  mis- 
takes, is,  to  construct  a  neiv  scale  of  etjiial  parts,  longer  than  tboao 
by  which  the  pJat  was  made  in  the  ratio  i/2:l  ;  or  1.414:1. 
When  the  base  and  perpendicular  of  a  triangle  arc  measured  by 
tliU  new  scale  atid  then  multiphcd  together,  the  product  nill  be 
the  content  of  the  triangle,  without  any  division  by  two.  In  this 
method  there  is  the  additional  advantage  of  the  greater  size  nnd 
conactjueut  greater  distinctness  of  the  scale. 

When  the  measurement  of  a  plat  is  made  aomc  time  after  it  haa 
lecn  drawn,  the  paper  yn\l  very  probably  have  contracted  Oi 
expanded  so  that  the  scale  used  will  not  exactly  apply.  In  that 
case  a  correction  is  necessary.  Jlcaauro  very  precisely  the  prcsout 
length  of  some  baa  m  the  plat,of  known  length  originally.  Then 
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make  this  proportion :  Aa  the  square  of  tlie  present  length  of  this 
line  I*  fo  the  sqaare  of  ita  original  length,  So  w  the  content  nht^ 
ed  hy  the  present  measurement  To  the  tnie  content. 

■(72)  G-raphiml  MultipliccUion.  Prepare  a  atnp  of  drawing 
papcTf  of  a  width  exactly  eq^ual  to  two  chtuna  on  Iho  seate  of  the 
ptat;  i.  e.  one  inch  wide,  na  in  the  figure,  for  a  scale  of  two  chaim 
to  1  inch ;  two-thirds  of  aa  inch  wide  for  a  scale  of  3  chains  ;  half 
BQ  inch  for  4  chains ;  and  bo  on.  Draw  perpendicular  lines  across 
the  paper  at  distances  representing  one-tenth  of  a  chain  on  the  scale 
of  the  triangle  to  bo  moasuredj  tlins  making  a  jilatting  scale.  Apply 
il  to  the  triangle  so  that  one  edge  of  the  scale  shall  p«sa  through 
one  comer,  A,  of  the  triangle,  and  the  other  edge  through  another 
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comer,  B  ;  and  note  very  precisely  what  di\Tsionsi  of  the  scale  are 
at  these  points.  Then  shdo  the  scale  in  such  a  way  that  the 
points  of  the  scale  winch  had  coincided  with  A  and  B,  shall  alwaya 
remain  on  the  line  UA  produced,  till  the  edge  arrives  at  the  point 
C.  Then  will  A'C,  that  is,  the  distance,  or  numher  of  ditisiona  on 
the  scale,  from  tho  point  to  which  the  diipdaion  A  on  tiie  scale  haa 
amred,  to  llie  third  corner  of  the  triangle,  express  the  area  of  the 
&iangle  ABC  in  square  chains.' 

"For.  from  C  draw  d  pnmllcl  to  AB^  neetiug  ed^e  of  tlie  kaIg  in  C'i  KoA 
drew  O'B,  Tb^n  K\k  givcE  Irianglc  ABO  =  ABC,  Bii»  Ihe  an-D  of  ibii  lai( 
Eriansle  =  AC  tnnliiiilifd  liy  diilf  th*.>  wiitih  ftrHie  o.  =  AC  X  '  =  AC. 

But,  becsDSG  nf  Ihe  [inrnlleU,  A'C  —  AC  Tlierpfare  Ilia  aren  of  ^iveo  trioo- 
glr  ABC  =3  A'G  i.  c.  it  li  m|ua.l  in  KtiiBre  chuiiit  to  iho  number  of  tinpar  cbaint 
mil  ulT  from  ihe  icale.  This  iageuioua «iKr»tion  ii  due  lo  JIT,  Coittmcr^. 
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<73)  Birlslon  iuto  Trapezoids.  A  line  may  be  drawn  across 
the  field,  as  in  Fig.  3*J,  and  perpen- 
diculars dra^TTi  to  it.  The  field  Vfill 
tlius  1)0  dii'ided  into  trapezoids,  (es- 
cepting  a  trianglo  at  cacli  end), 
and  their  content  can  bo  calculated 
by  Art.  (6J). 

Othervrise  ;  a  line  may  be  dram 
outside  of  the  figure,  and  per- 
pendiculai-3  to  it  bo  draTm  from 
eacb  angle.  In  that  caae  the 
difference  between  the  trapesoida 
formed  by  lines  tlraivn  to  the 
outer  angles  of  the  fi^o,  and 
tlioae  drawn  to  the  inner  angles, 
nill  be  the  content. 

This  method  is  very  adrantageoualy  applied  to  sun-cya  by  the 
compass;  aa  irill  be  explained  in  Part  IH,  Chap.  VI. 


<74)  DlTisIon  Into  Sqnarcs.  3Vo  sets  of  parallel  lines,  at 
riyht  angles  to  each  other, 
one  chain  apart  (to  the  scale 
of  the  plat)  may  be  drawn- 
over  the  plat,  so  as  to  diride 
it  into  BCjuares,  as  in  1^9 
figure.  The  numher  of 
aqnarca  ivliich  fall  within  the 
plat  represent  so  nanysquare 
chains;  and  the  triangles  and 
trapezoids  T\']iich  fall  outside 
of  these,  may  Uicn  bo  calcu- 
lated and  added  to  the  entire  Bq^uoro  chains  which  hare  been 
counted. 

Instead  of  drawing  tho  pai'allel  lines  on  the  plat,  Ihey  may  bet- 
ter bo  drawn  on  a  piece  of  transparent  "  tracing  paper,,''  which  ia 
amply  laid  upon  the  plat,  and  the  squares  counted  as  before.  Tht 
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same  paper  will  ansTcr  for  my  nimb&r  of  plats  Jra^-n  to  tlie  sama 
scale.  This  method  is  a  valuable  and  easy  check  on  tli«  results  of 
other  calculations. 

To  calculate  tlie  fractloual  parts,  prepare  n  piece  of  tracing 
paper,  or  liom,  hy  dravring  on  it  one  square  of  the  same  &ize  as  a 
square  of  the  plat,  and  subdi riding  it,  hy  two  sets  of  ten  parallels  at 
right  angles  to  each  other,  into  hundredths.  This  will  meaaure  the 
fractioDS  rcmamiDg  from  the  former  measurement,  as  ncarlj  as  can 
be  de^ed. 


(75)  Dirlslon  into  Parallelograms.  Draw  a.  series  of  paral- 
lel lines  across  the  plat  at  equal  distances  depending  on  tlic  scale. 
Thus,  for  a  plat  made  to  a  scale  of  2  chains  to  1  inch,  llie  distance 
between  the  pantUcla  should  he  2^  inches;  for  a  scale  of  3  chains 
to  1  inch,  1^  inch ;  for  a  scale  of  4  chains  to  1  inch,  g  inch ;  for 
a  scale  of  5  chains  to  1  inch,  j'^  inch  ;  and  for  any  scale,  make  the 
distance  betTfecn  the  parallela  that  fraction  of  an  inch  which  ivould 
be  expressed  hj  10  dirided  by  the  aij^uare  of  the  number  of  chains 
to  the  inch.  Then  aiiplj  a  common  inch  scale,  divided  on  the 
edge  into  tentlis,  to  tliese  paralJeb ;  and  every  inch  in  lengtL  of 
the  spaces  included  bctivoen  eaoh  pair  of  them  will  be  an  acre,  and 
every  tenth  of  an  inch  will  he  a  square  chain.' 

To  measure  tlie  triangles  at  the  ends  of  the  strips  between  tho 
parallels,  prepare  a  piece  of  transparent  horn,  or  stout  tracing 
paper,  of  a  wdth  equal  to  the  width  between  the  parallela,  and 
draw  a  line  through  ita  middle  longitudinally.    Apply  it  to  tho 

oblique  line  at  the  end  of  the  space  between   i'jS'  39. 

two  parallels,  and  it  will  bisect  the  line,  and 
tliua  reduce  tho  triangle  to  an  equivalent 
rectangle,  aa  at  A  in  the  figure.  When  an 
angle  occurs  between  two  parallela,  as  at  li 
ui  the  figuroj  the  fractional  pai-t  may  be 
DMjasured  by  any  of  tho  preceding  methods. 

*  Set,  G&Uisg  due  nunilwr  «r  cbaiiu  to  Uio  iu-di,  =  n,  nnJ  making  iIie  vtiMi  Im 
twtoa  tb?  p»nU«ta  ^  tncb,  ihii  wiJtb  will  repreipnt—  X  "  =  — chnini ;  uid 

Hthe  ui^lmgtlireprc*cpE|«cbniia,t'hcji'pmliici,~  Xii=l'0  «^tiai«  clukiu 
— ■  1  ftcrc 
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A  somewhat  similar  method  is  much  used  by  sotae  surveyors, 
particularly  in  Ireland :  the  plat  being  made  on  a  ecaJe  of  5  chains 
to  1  iQcl,  parallel  lines  being  drawn  on  it,  half  !Ui  inch  apart,  and 
the  diatances  along  the  parallels  heing  measured  by  a  SCalc,  eac 
large  division  of  which  ia  m^h  in  length.  Each  division  of  this 
scale  indicates  an  acre  ;  fur  it  represents  4  chains,  and  the  diatance 
hotwoen  the  parallels  is  2^  chdna.  This  acale  is  called  the  "  Scale 
of  Acres.-' 

(70)  AddidoD  or  WIdllis.  When  the  linca  of  the  plat  are  very 
irregularly  curved,  as  in  the  rig.  40. 

figure,  draw  across  it  a  num-  i' 
ber  of  equi-distant  linea  as  near 
together  as  the  case  may  aeem 
to  require.  Take  a  straighb- 
edged  piece  of  paper,  and  apply  one  edge  of  it  to  tho  middle  of 
the  first  space,  and  mark  its  length  from  one  end  ;  apply  the  same 
edgo  to  the  middle  of  the  next  apace,  brining  the  mart  just  made 
to  one  end,  and  maJdag  another  mark  at  tho  end  of  tho  adihtional 
length ;  ao  go  on,  adding  the  length  of  each  space  to  the  previous 
Dues.  When  all  have  been  thus  measured,  the  total  length,  tnut- 
dpUed  by  the  uniform  width,  will  give  the  content. 


(77)  THIRD  METHOD.— IKSTRlIi1IE\TALLy.  By  perform- 
'mg  certain  inatrumeiitid  operations  on  the  j/lat. 

(78)  Meduction  of  a  many  tided  figure  to  a  siriyle  eijaivalmt 
'.riangle.  Any  plane  figure  bounded  by  straiglit  lines  may  bo 
reduced  to  a  single  triangle,  whieh  shall  have  the  same  content. 
This  ean  be  done  by  any  instrument  for  drawing  parallel  Bnes, 
such  as  those  described  in  Art. 
(39).  Let  the  trapcanm,  or 
four  aided  figure,  bUowd  in  Fig. 
41,  b&  required  to  bo  reduced 
to  a  ^gla  eqmvalent  triangle. 
Prodnce  one  eide  of  the  figure, 

aa  4  1.    Draw  a  line  from 

tho  first  to  Uw  third  Miglo  of 


CHAP,  nr.] 


Calcnlaiin^  the  roDlODt. 


£1 


Uio  figure.  From  tlie  second  aoglfr  draw  a  parallel  to  the  lino  just 
drawn,  cutting  tTie  produced  side  in  &  point  1'.  £'roiii  the  poiDt  1' 
draw  A  lino  to  the  fhird  angle.  A  triangle  (1'  —  3  —  4  in  the 
figure)  will  tims  he  formed,  which  nill  bo  equivalent  to  the  original 

The  content  of  this  final  tiiangle  can  then  be  found  hy  meaGUP- 
ing  ita  perpendicular,  and  taking  half  the  product  of  Xltia  perpendi- 
cular by  the  baae,  aa  in  the  first  paragrapli  of  Art.  (65). 

(7*)  lict  the  ^ven  figure  hate  five  sides,  as  in  Fig-  42.  Tor 
brevity,  the  angles  ^'8-  ^ 

of  the  figure  will  he 
named  aa  numbered 
ill  the  engraving. 
Produce  5 — 1. 
Join  1  —  3.  From 
2  draw  a  parallel  to 

1 — S,  cutting  the  i-  i 

produced  lase  in  1',  Join  1'  —  i.  From  3  draw  a  parallel  to  it. 
Cutting  the  baae  ia  2'.  Join  2'  —  4.  Then  will  the  triangle 
2' — 4 — 5  be  equivalent  to  the  five  aided  figure  1 — 2 — 3 — i — 5, 
ibr  similar  reasooa  to  those  of  the  preceding  case^ 

<80)  Let  the  given  figure  be  1—2—3—4—5—6—7—8, 
aa  shown  in  Fig.  43,  given  at  the  top  of  the  following  page.  All 
tite  operaiiona  are  shown  by  dotted  lines,  and  the  finaliy  resulting 
triangle  5' — 7 — 3,  is  equivalent  to  the  original  figure  of  eight 
sides. 

It  13  best,  in  choosing  the  bIJo  to  be  produced,  to  take  one  which 
has  a  long  side  adjoining  it  on  the  end  not  produced ;  so  tint  this 
long  aide  may  form  one  side  of  the  finaJ  triangle,  the  base  of  which 
will  therefore  he  shorter,  and  will  not  ho  cut  bo  acutely  hy  tho 
final  line  drawn,  as  to  ma^o  the  point  of  intersection  too  indefinite.. 

■'  Fjr,  tlio  triangle  1 — 3—3  taken  4wny  figm  ihc  i^rigin"]  fign™  i»  eqtiiira]ei)t 
to  trian^tv  1' — 1 — 3  KirlsJ  \a  it ;  becansa  bnlh  rhetB  irimglei  havo  the  »nmo 
l(a*c  nnd  nl»ii  tlie  tame  oltilade,  BiDve  the  verlicei  of  bolb  lie  in  ilje  ioniB  lin* 
Rmralle)  Ui  the  biuc. 


62  FMDlIHEIIfnL  OPRRATIOXS.  {rivrt 


(81)  G-eneral  Rule.  When  tlie  given  figure  taa  manj  sides, 
with  angles  sometiines  salient  and  ecuDetiinea  re-entering,  tlie  opera* 
tiona  orrediietion  are  very  liable  to  errors,  if  tlie  draftsman  attempt* 
to  reason  out  each  step.  All  difficulties,  however,  ■will  be  removeu 
by  the  following  General  Hule  : 

1.  Produce  one  side  of  the  figure,  and  call  it  a  lase.  Call  ono 
of  the  angles  at  the  base  tlie  fii-st  angle,  and  uumber  the  rest  in 
regular  succession  around  the  figure. 

2.  Draw  a  tine  from  the  1st  angle  to  the  Sd  angle.  Draw  a 
parallel  to  it  from  the  2J  angle.  CeiII  the  intersections  of  this 
parallel  irith  the  base  the  1st  marlc. 

3.  Draw  a  line  from  the  Ist  mark  to  the  4tli  angle.  Drair  a 
parallel  to  it  from  the  3d  angle.  Its  intersection  with  the  base  is 
the  2d  mark. 

4.  Draw  a  line  from  the  2d  mai'k  to  the  5th  angle.  Drn-w  a 
parallel  to  it  from  the  4th  angle.  Its  intersection  with  the  base  ia 
the  3d  mark. 

5.  In  general  terras,  which  apply  to  every  step  after  the  first, 
draw  a  line  from  the  last  mark  obtained  to  the  angle  ivhose  number 
is  greater  by  three  tiiaa  the  number  of  the  mark.  Draw  a  parallel 
to  it  through  the  angle  ■whose  number  is  greater  by  two  than  that 
of  the  mark.  Its  intersection  with  the  bise  will  be  a  mark  wLoaa 
mimber  is  greater  by  ono  than  that  of  the  preceding  mark.' 

Ill  tliio  conti^u  ]Diigi)af!;e  of  AEgrlim,  ilrntv  d  line  from  llii;  nih  murk  lo  ihfe 
■+3  oiifjle.    Draw  n.  imrnllL"!  \q  il  tijrtHigli  lUe  miil  lliu  iiiltfKclien 

With  ihe  baiB  will  Uo  ills'  i-^V  mnrk. 
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C.  Repeat  tins  process  for  each  angle,  till  you  get  a  msirk  wUose 
□umber  is  eucli  tbat  the  angle  having  a  niunber  greater  by  thrc*  19 
the  last  angle  of  the  figure,  i.  e.  the  angle  at  the  other  end  of  the 
base.  Then  join  the  last  mark  to  the  angle  whit-h  precedes  the 
last  angle  in.  the  figure,  and  the  triangle  thus  formed  ivill  bo  the 
equivalent  triangle  required. 

In  practico  it  ia  unnccisgary  to  actually  draw  the  lines  joiiung 
tlie  successive  angles  and  marks,  bat  the  parallel  ruler  is  merely 
laid  on  so  a9  to  pass  through  tlicm,  anJ  the  points  where  the 
parallels  cut  the  hase  are  alone  marked. 


(8S)  It  is  generally  more  convenient,  for  tiie  reasons  given  at 


the  end  of  Art.  (SI)),  to  reduce  Fifr- 
half  of  the  figure  on  one  side  and 
half  on  the  other,  as  is  shown  in 
Fig.  44,  which  represents  the  same 
field  as  Fig.  42.  Tho  equivalent 
triangle  ia  here  1' — 3  —  2'. 

"When  tlu!  figure  has  many  angles, 
they  should  not  be  numbered  con-  £"   j  5  2' 

Becutively  all  the  way  around,  but,  after  the  numbers  have  gone 
around  as  far  as  tho  angle  where  it  13  intended  to  Lave  tho  Yertei 
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a-H*  ^ — S  f  i"  s 

if  Uie  fina]  triangle,  the  numbers  should  be  continued  from  Qia 


other  angle  of  the  base,  as  k  sliown  in  Mg.  45.  In  it  only  tlie 
intereectiona  are  marked.* 

(83)  It  ia  som&timea  more  convenient,  not  to  produce  one  ol 
the  eidea  of  the  figure,  but  to  draw  at  one  end  of  it,  as  at  the  point 
1  in  fig.  46,  an  indefimte  line,  nsu^ly  a  pcrpeiulicular  to  a  lino 
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joLaiug  two  distant  angles  of  the  figiiro,  and  make  thia  line  the  base 
of  the  equivalent  tiiangle  desired.  Tho  operation  is  shoirh  bj  tlie 
dettod  lines  m  the  figure.  Tbe  esme  General  Bule  appHe-s  tti  it, 
as  tc  the  previoua  figures, 

(SI)  Special  lastriuoeats'.  A  Yaiietj  of  ii^trumenta  have 
been  Invented  for  tljo  purpose  of  determining  areas  rapiiUy  and 
coirectlj.  One  of  the  simpl&st  is  the  " Computing  Scale"  which 
id  On  the  Same  principles  as  the  Method  of  Art.  (75)>  It  ia  repre- 
sented in  Fig.  47,  g^vcn  on  the  foUoiviiig  page.  It  consists  of  a 
scale  divided  for  its  ^-hole  length  fcom  the-  zero  point  into 
divisions,  each  representing  2J  chiin3  te  the  scale  of  the  plat. 
Tbo  scale  cames  a  slider,  irhieh  moved  aloog  it,  and  has  a 
i\Tre  draira  across  its  centre  at  right  angles  to  the  edges  of  the 
scale.  On  eaeh  side  of  this  wire,  a  portion  of  the  slider  equal 
in  length  to  one  of  the  prhnary,  or  2J  chain,  di^-isions  of  the  scale, 
is  Itud  off  and  divided  into  40  equal  pirta. 

This  instmmciat  ia  used  in  ceonecljon  M-ith  a  sheet  of  traiispsr 
ront  paper,  ruled  frith  parallel  lines  at  distances  apart  each  equal 
to  one  chsyn  on  the  scale  of  the  plat.    It  is  plam,  that  when  tha 

*  A  iiguio  Willi  eurvto  itouiiilarips  iniij'  Ijo  reiliiCMl  lo  a  Irlnu^'c  in  a  otrnilDr 
manlier,  fitraiglit  Unci  mud  be  drown  oligut  ttio  fi^re,  id  an  tu  be  partly  in  it 
fiDil  partly  out,  fivin^  nod  Inking  nboiit  pqiinl  quanlilii?a,  lo  lliBt  llie  flfiurtt  which 
tliL-to  lime  furm, ihall  be  nbout  oqtiii-Dlciii  in  tlio  curved  tigijri^.  This  Jiaving 
been  done,  aa  will  Ijo  fjrtlier  dtTtlopeil  in  All.  (121),  iJic  cquivaknt  Wroighl 
lined  fifpjre  is  reduced  l>y  tho  obuvt!  melliu-J. 
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mstrumentislai-lontM^  papcr,witli  its  eilgoonone  of  the 
puallel  liue3,  and  the  glider  U  moved  over  ono  of  the  diii- 
81003  of  2  J  chains,  that  one  rood,  or  a.  (iti£Lrt«p  of  acre, 
has  beenintasiircil  between  two  of  the  parallel  lines  outlio 
jiaper  (siuco  10  s<(aafe  cliaina  make  ono  acre)  ;  and  that 
Duc  oi"  the  smaller  divisions  measures  o)ic  ^ij-rc?!  between 
the  same  parallels.  Four  of  the  larger  divisiona  ^vo 
one  acre,  TEic  scale  is  gcneribly  mado  long  enough  to 
measure  at  once  five  acres. 

To  apply  this  to  the  phit  of  a  Seld,  or  farm,  lay  the 
tranaparent  paper  over  it  in  such  a  position  that  two  of 
the  ruled  Hues  shall  toacli  two  of  the  csterior  pointg  of 
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the  boundaries,  as 
at  A  and  B.  Lay 
the  scale,  with  tha 
slidfl  set  to  zCt'O, 
on  the  paper,  in  a 
(Brection  parallel 
to  the  ruled  liiica, 
and  so  that  the 
wire  of  tlio  sliJa 
(Juts  the  left  hand 
oblique  line  so  as 

to  make  the  spaces  cf  and  d  about  equal.  Ilokl  the 
scale  firm,  and  movo  the  slider  till  tlie  wiro  cute  the 
right  hand  obliqiie  line  in  such  a  way  aa  to  cfpnlise  tho 
spaces  8  and  /.  Witliout  clian^g  tho  slide,  move 
tho  scale  dfwn  the  width  of  a  space,  and  to  the  left 
hand  end  of  the  next  space  ;  begin  there  again,  and  proceed  as 
before. 

So  go  on,  till  the  whole  length  of  the  scale  is  ran  out,  (five  acres 
having  been  measured),  and  then  begin  at  tho  right  hand  side  and 
work  backwanls  to  the  leftj  reading  the  lower  divisions,  which  run 
up  to  10  a^rcs.  By  continuing  this  proceas,  tho  content  of  plata 
of  any  size  can  he  dbtained, 

A  still  simpler  substitute  for  this  ia  a  scale  similarly  divided,  but 
"wiUiout  an  attached  slide.    In  place  of  it  there  h  nsed  a  piece  of 
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bora  having  a  line  drawn  across  it  and  rivettcd  to  tlie  eiwi  of  » 
short  scale  of  box-wood,  di^-ideJ  like  the  former  slide.  It  ia  uaeti 
like  the  fbnncr,  except  tliat  at  starting,  the  zero  oF  the  short  scale 
and  not  the  line  on  the  hom  13  made  to  coiucidc  with  the  zero  af 
the  long  scale.  The  slide  ia  £0  he  held  fast  to  tlie  instrument  ti-heii 
this  ia  moved. 

Tlio  Pcilioineter  ia  another  less  simple  inatrumerit  used  for  the 
aamo  ohject.    It  mcasurea  tmy  (juadrilatcral  directlj, 

(S5)  Some  vcrj  complicated  iiistriimeuta  for  the  same  object 
have  been  dcraed^  One  of  them,  Sany'a  J'^uPiOjflc^LT,  dotenninca 
ihc  area  of  auy  figure,  by  merely  moring  a.  pohit  around  the  out- 
line of  the  surface.  Tills  causes  motion  in  a.  tnun  of  wheel  work, 
which  registers  the  algebraic  sum  of  the  product  of  ordinatea  to 
every  point  Ln  that  perimeter,  hy  tlie  increment  of  Iheir  abscissas, 
and  therefore  measures  the  included  space. 

Instruments  of  tliis  kind  have  been  invented  in  Germany  by 
Enist^  Hanacii,  and  Wetli. 

(86)  A  purely  mechanicaJ  means  of  detcrmming  tbo  areu  ol 
any  aiirfaee  by  means  of  ita  weii/ht,  may  be  placed  here.  The  plat 
is  cut  out  of  paper  and  weighed  by  a  delicate  balance.  The 
weight  of  a  rectangular  piece  of  the  same  paper  containing  just  one 
acre  is  abo  found;  and  the  "Rule  of  Three"  gives  the  content. 
A  modification  of  this  is  to  paste  a  tracing  of  tlic  plat  on  thin  filicet 
lead,  cut  out  the  lead  to  the  proper  lines  and  weigh  it. 

(87)  FOrRTFI  METHOD.— TKIGONOfllETRICALLV.  cal- 
mladiiff,  from  ike  oLscrvcd  ant/les  of  the  houndarki  of  tlie  piece 
if  ground,  the  leu  gilts  of  the  lines  needed  for  calculating  the  content. 

Tins  method  is  employed  for  surveys  made  witli  angular  instnt 
ments,  as  tlic  compass,  &c.,  in  order  to  obtain  the  content  of  the 
land  sm"veyed,  Ttithout  the  necessity  of  prenously  making  ft  plat, 
dms  avoiding  both  that  trouble  and  the  inaccuracy  of  any  calcula- 
tions foimied  upon  it.  It  is  therefore  tlie  most  accurate  method; 
but  -n-ill  be  more  appropriately  explained  in  Part  IH,  Chapter  VI, 
uadcr  the  head  of  "Compass  Surveying." 


PART  II. 


CHAIN-SURVEYING  ; 

Sy  the  i'irit  and  Second  MdJ^di  : 

OR 

DIAGONAL  AND  PERPENDICUUR  SURVEYING. 

(88)  The  cLaIn  alone  is  abiindautly  suiEcieiit,  mtliout  tie  aid 
of  any  otiicr  instrument^  for  making  an  accurate  survey  uf  any 
Burface,  whatever  ite  shape  or  size,  particuHarly  in  a  district  tolera" 
biy  level  and  clear.  Moreover,  since  ii  chain,  or  some  suloliCute 
for  it,  P>nned  of  a  ropo,  of  Icatlier  driving  reins,  kc,  «an  Ikj 
ubtained  by  any  o^ne  in  tlie  most  secludL'd  place,  this  metliod  ot 
Surveying  deserves  more  attention  than  has  usually  been  given  to 
It  in  tliis  country.  It  mil,  therefore,  bo  fully  developed  in  lis 
foUoning  chapters. 

CHAPTER  I. 
SURTETING  BT  BIAGO.WLS  : 

OB 

Bif  ifie  Firet  Method, 

(89)  Sareeyiti;/  hi/  Dia-foittda  is  an  appUcation  of  the  First 
Method  of  determining  tho  position  of  a  point,  given  In  Art.  (5,)  to 
which  the  atnilcnt  ahoul  J  again  refer.  Each  comer  of  the  field  or 
farm  ivhich  ls  to  be  surveyed  la  "  determined"  by  moasaring  i(a 
itstancos  from  two  other  points.  Hie  fie!d  ia  then  "platted" 
by  repeating  tbia  process  on  paper,  for  eacli  comer,  in  a  conbraxy 
order,  and  the  "  content"  ia  obtained  by  some  of  the  methods 
ej^tliuned  La  Chapter  IV  of  Part  I. 
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The  lines  irhEdi  ai"u  nu'-asurcii  in  order  to  cletOTiiime  the  cor- 
ners of  the  fie-Id  are  usually  *iiV7t'3  and  diayonala  of  tEe  irregiUsT 
polygon  wbifh  is  to  be  eurveyeil.  They  theicfore  divide  it  np 
iato  triauglca ;  wbence  this  mo3e  of  smreying  is  sometimes  call- 
ed "  Clisin  Triangulation." 

A  few  examples  ■vviU  mako  the  prineif-lo  and  practice  perfectly 
clear,  EacL  irilL  lie  seen  to  require  the  t]ireo  operations  tneamr- 
inff,  phitiing,  and  calculating.  • 

(90)  A  Ihree-sWcd  Held ;  as  Fig.  49.  ^e-  i?- 

Field-work.    Jlcaaure  the  tlieco  sides, 
AB,  BC,  and  CA.    Measure  also,  aa  a       ^.^^""^^^^ l\ 

proof  line,  tlie  distance  from  one  of  the  cor-   ^—  

nera,  as  C,  to  soiae  point  in  the  opposite  side,  as  D,  at  wlilcli  a 
mark  should  have  been  left,  -when  measuring  from  A  to  B,  at  a 
known  diatnnce  from  A.  A  stick  or  twig,  with  a  slit  in  its  top,  to 
receive  a  piece  of  paper  with  tlie  distance  from  A  marked  on  l£, 
is  tlio  most  convenient  mark. 

JPlattinff.  Chooso  a  suitable  scale  as  directed  in  Art.  (14). 
Tlien,  bj  Arts.  (42)  and  (19),  draw  a  line  cipial  in  loiigth,  on  tlie 
chosen  scale,  to  one  of  the  sides;  AB  for  example.  Take  in  the 
compasses  the  length  of  anoUier  side  as  AC,  to  the  same  scale, 
and  with  one  leg  in  A  as  a  centre,  dcsoribe  au  arc  of  a  circle. 
Take  the  length  of  the  third  side  BC,  and  with  B  as  a  centre, 
describe  another  arc,  intersecting  the  first  arc  in  a  point  which  n-iU 
bo  the  tliird  comer  C.  Draw  tho  lines  AC  and  BC ;  and  AUC 
will  be  the  plat,  or  miiuatnre  copy  —  as  explained  in  Art.  (Si) — 
of  the  fluid  surv'Gyod. 

Instead  of  describing  two  arcs  to  get  tbe  point  C,  two  pairs  of 
compasses  may  be  conveniently  used.  Open  them  to  tbe  Icngtha, 
respectively,  of  the  last  two  sides.  Pnt  ono  foot  of  each  at  the 
end9  of  tlie  first  side,  ajid  bring  tlipir  ot)ier  feet  together,  and  their 
pouit  of  meeting  will  mark  tho  desired  third  point  of  the  triangle!. 

To  "prove"  tho  accuracy  of  tlie  work,  fix  the  point  by  satljiig 
»ff  from  A  the  proper  distance,  and  measnre  tho  length  of  ilw  ling 
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DC,  Art.  (43).  If  its  length  on  the  plat  corresponds  to  lit 
mcaamrcinent  on  the  ground,  tho  Tvork  is  correct.' 

Cakaiati^n.  Tlic  content  of  tho  field  maj  now  be  found  aa 
directed  in  Art  (63),  c^ither  from  the  three  side?,  or  more  caail/ 
though  not  so  accurately,  hj  measuring  on  the  plat,  by  jVrt.  (43), 
the  length  of  the  perpendicular  CE,  let  fall  from  any  angle  to  tifl 
opposite  eide,  and  taking  half  the  product  of  tlie$e  two  lines. 

Example  1.  Figure  49,  i^  tho  pkt,  on  a  scale  of  two  chaiaa 
v>  one  inch,  of  a  field,  of  Mhich  tho  fljdc  AB  is  200  links,  3JC  is 
100  hnka,  and  AC  is  150  links.  Its  content  by  tho  rulo  of  Art. 
(65),  is  of  a  square  chain,  or  OA-  OH-  12P.  If  ilio  i«?rpen- 
dicuUr  CE  bo  accurately  measured,  it  ivill  bo  found  to  be 
liTiIffl  Half  the  prodnct  of  this  perpcndieulaj*  by  the  base  yrili  bo 
found  to  ^ve  the  same  content. 

Ex.  2,  The  three  sides  of  a  triangular  field  are  respectively 
89.39,  54.08,  imd45,S)S.    Heqmred  its  content. 

Ana.    lOOA.  OR.  lOP. 

(91)  Afonr-sided  Geld;                 >-ig. &o. 
as  Mg.  50.  n   n 

Fieldtfforh,  Measure  the 
four  Pleasure  also 

a  diagonal,  as  AC,  thus  di- 
viding the  foiir^idod  field 

into  tvTo  triangles,  Mca-  ^ 
eora  also  tho  other  diagona.,  or  BD,  for  a  "  Proof  line." 

Plattiri'j.  I>raTT  a  line,  as  AC, equal  in  length  to  the  diagonal, 
to  any  scale,  by  Arts,  (J2)  and  (19).  On  each  side  of  it,  con- 
struct a  triangle  with  tlic  sides  of  the  field,  as  directed  in  tiie  pre- 
ceding article. 

To  prove  tho  accoracy  of  tho  Tcork,  measure  on  the  plat  tho 
length  of  the  "proof  line,"  BD,  by  Art,  (43),  and  if  it  agreoH 
with  tlie  lengtlk  of  the  same  line  measured  on  the  ground,  tho  field 
work  and  platting  are  both  proved  to  be  correct. 

"  It  ii  a  aniverra]  prinplple  in  oil  s'lrvcjinR  -ojierBliaiH,  ihol  tlio  work  matX  1j» 
hy  ioJne  mcani  initepemleiil  uf  llie  orl^im]  pmccas,  nml  tliat  liiB  iime  i'^ 
•nit  tniisl  Lie  aiTived  at  bv  iwn  iliffwpul  nietliuJi.    The  jiMMwry  len^-lh  of  lhl> 
proof  liiii-  cuii  iilso  easilj-  be  culculnlcd  by  tli  e  priatiiiles  of  Trigo'nomeity. 
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Calculalion.  Find  the  content  of  cacli  triangle  separately,  as 
In  the  preceding  caso>  and  adtl  them  together ;  or,  more  briefly, 
multiply  either  diagonal  (the  longer  one  is  preferable)  by  the  sum 
of  the  tTo  perpendiculars,  and  divide  the  f.roduct  by  two- 
Otherwise  :  reduce  the  four-sided  figure  to  ono  triangle  aa  in 
Art.  (78)  ;  or,  use  any  of  the  methods  of  the  preceding  chapter. 

JExample  3.  In  the  field  drawn  m  Fig.  50,  on  a  scale  of  8  chnina 
t<  the  inch,  AB  =  588  llnka,  EC  =  210,  CD  =  430,  DA  =  274, 
the  diagonal  AC  =  C2G,  and  the  proof  diagonal  BD  "  oOO,  The 
iotal  content  will  be  lA.  OR.  17P. 

Ex.  4.  The  aides  of  a  four-sided  field  ai-e  AB  =  12.41,  BC 
=  5.86,  CD  =  8.25,  DA  =  4.24;  the  diagonal  BD  =  11.55, 
and  the  proof  line  AC  =  11.04.    Recjulred  the  content. 

J.W8.  4A.  211.  38r. 
JEx.  5.    Tho  aides  &f  a  fcmr-sidod  field  arc  ss  follows  :  AC  = 
8.95,  BG  =  0.33,  CD  =  10.10,  DA  =       ;  the  dingoniU  from 
A  to  C  13  11,52  ;  the  proof  diagonal  from  B  to  D  is  10.92.  Re- 
quired the  content,  Atn. 

Ex.  G.  In  a  foor-sidcd  field,  AB  =  BC  =  4.09,  CD  = 
10.04,  DA  =  7,24.  AC  =  10.32.  BD  =  10.74.  Required  tbc 
eoatent.  '  Ant. 

(92)  A  many-sWcl  fl«W,  as  Jig.  51. 

fig.  51. 
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Fidd-Wbrk.  Jleasure  aU  the  aJea  cf  the  fi^iil.  Measure 
abo  diagonals  enough  to  dnido  the  field  into  triangles ;  of  whieli 
there  will  always  bo  two  Icsd  than  the  number  of  ^Aea.  Choose 
such  diagonals  as  i>^ll  divide  the  field  into  triangles  as  nearly  equi- 
lateral as  possible.  Measure  sho  one  or  more  diagocals  for 
"  Proof  lilies."  It  is  well  for  the  sanreyor  himself  to  ]>lace  stakca 
in  advance  at  all  the  comers  of  the  field,  aa  he  can  then  se-lect  the 
Ltst  modie  of  division. 

Platting,  Begin  with  any  diagonal  and  plat  one  triangle^  as  in 
Art.  (90),  Plat  a  second  triangle  adjoining  the  first  one,  as  in 
Art.  (91).  riat  another  adjacent  triangle,  and  so  proceed,  till  all 
have  been  laid  doim  in  their  proper  places.  Measure  the  proof 
lines  as  in  the  last  article. 

C^iloilatian.  Proceed  to  calculate  tbo  content  of  the  figure, 
precisely  as  directed  for  the  four-sided  field,  measuring  the  perpco- 
dionlarg  and  calculating  the  content  of  each  triangle  in  turn ',  or 
"  ing  in  pEura  those  on  opposite  sides  of  the  same  diagonal ;  or 
Oiling  some  of  the  other  metioda  T\'hich  have  been  explained. 

EiampU  7.  The  sLt-sided  field,  ahoivn  in  Fig.  51,  has  the 
lengths  of  ita  lines,  in  chains  and  links,  tmtten.  upn  tliom,  wid  19 
divided  into  four  triangles,  by  three  diagonals.  The  diagonal 
BE  is  a  "  proof-line.' '  The  Figure  ig  draivn  to  a  scale  of  4  chains 
to  the  inch.    The  content  of  the  field  ia  5A.  3R.  22P. 

£r.  8.  In  a  five-sided  field,  the  length  of  the  sides  are  as  fol- 
lows :  AB  =  2.69,  EC  =  1.22,  CD  =  2.32,  DE  =  3,56,  EA  = 
3,23.  The  diagonals  are  AD  =  4.81,  BD  =  3,33.  Repaired  ita 
content.  Am. 

(9S)  A  field  may  l>o  divided  up  into  triangleg,  not  only  by  mea- 
tfurbg  diagonals  as  ia  the  last  figure,  but  by  any  of  the  methods 
Bhovm  in  the  four  figures  of  Art.  (H).  The  one  which  wo  have 
been  employing,  corresponds  to  the  last  of  those  figures. 

Still  another  mode  may  be  used  when  the  angles  cannot  be  seen 
Eis>ni  one  another,  or  from  any  one  point  Trithin.  Take  three  or 
more  convenient  points  within  the  field,  and  measure  from  them  tc 
the  comers,  and  thus  form  different  sets  of  triangle?. 


KEEPING  THE  FIELD  NOTES. 

(fll)  By  SkclcL.  Tlio  most  simple  method  ia  to  make  a  skotch 
of  the  fiekl^  as  nearly  correct  as  the  unassiBted  hand  and  eye  can 
produce,  and  note  down  on  it  tlio  lengtlia  ef  all  tlio  linea,  as  in  Kg. 
61.  But  ■when  many  other  pointa  require  to  be  noted,  suoh  as 
where  fences,  or  roads,  or  Btreama  are  crossed  in  the  measurement, 
or  any  other  additional  particuloi-a,  the  sketch  n^oal^t  become  co»- 
fifaedj  and  be  likely  to  lead  to  mistakea  m  the  subsequent  platting 
&om  it.  Tlic  following  ia  therefore  the  tiaual  method  of  keeping 
the  Field-notea.    A  long  narrow  book  ia  moat  couvemenfc  for  it. 


Id  4'olaiUDSi  Draw  two  parallel  lines  about  on  inch  apart 
from  the  bottom  to  the  top  of  the  page  of  the 
field-book,  as  in  the  margin.  Thii  column,  or  pair 
of  linee,  may  be  conceited  to  represent  the  measured 
line,  sjflit  in  two,  its  tivo  halves  being  then  separated, 
an  inch  apart,  merely  for  convenience,  so  that  the 
diatancca  measured  along  the  line,  may  be  written  be- 
tween theao  halves. 

Hold  the  book  in  tho  direction  of  the  measurement.  At  the 
bottom  of  the  page  write  down  the  name,  or  number,  or  letter, 
which  represents  the  station  at  which  the  survey  ia  to  begin. 


A  "  station"  is  marked  with  a  triangle  or  circle^aa 
in  tlie  margin.    The  latter  ia  more  easily  made. 


© 


In  the  complicated  cases,  which  will  be  hereafter  explained,  and 
in  which  One  long  ba.9e  line  is  measured,  and  also  many  other  sab- 
ordinate  linoa-,  it  will  be  well,  as  a  help  to  tho  memory,  to  mflrk 
tuu  atationa  on  the  Ba^c  line  -with  a  ttiangle,  and  the  stadon&OD 
tlie  other  linc3  with  the  Ordinary  circle. 


The  station  from  ivhich  the  measure- 
meats  aro  made  ia  usually  put  on  the  left 
of  the  column ;  and  tho  station  whieh  ia 
measured  to,  is  put  on  the  right. 
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But  it  is  more  compact^  and  aToids  mterfeiing 
with  tlic  notes  of  "offsets"  (to  he  explainetl  liere- 
aficr"!  to  write  tho  name  or  number  of  the  station 
in  tbe  column,  as  m  the  mar^. 

Tho  mcOiSarcmcnta  to  dilFereiit  points  cf  a  line  arc 
*rittcu  aboro  oiio  another.  Tho  muniora  all  refer 
to  the  beginning  of  iiti  Hue,  Oad      cOimtcd  from  it. 


Tlio  end  of  a  measured  line  ia  marked  by  a  line 
drawn  across  tbe  page  above  the  numbera  which 
indicate  the  mcasarements  wbict  have  been  made. 

If  the  chajmng:  does  not  coatinuo  along  tlio 
adjoining  line,  but  the  choin-mcn  go  to  Eomo 
other  part  of  the  field  to  begin  another  mear 
fiarom«nt,  two  lines  are  dxaivn  across  the  page. 


B 

502 
A 

B 

400 
2y0 
100 
A 
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"Wlien  a  line  haa  beca  measured,  the  marls 
r  or  n  arc  made  to  eho-w  whether  the  folloiv- 
loiring  line  tuma  to  the  right  or  to  tho  left.  |  | 

A  line  ia  named,  cither  by  the  names  of  the  stationfl  between 
which  it  h  meaaured,  as  the  line  AB;  or  by  its  length,  a  Uno 
562  Haks  long,  being  called  the  line  5»j2  ;  or  it  is  recorded  as  Lino 
Xo.  1,  line  No.  2.  &c ;  or  as  Lino  oa  page  1,  2,  &c.,  of  tlie 
Field-book. 

When  a  raarlc  is  left  at  any  point  of  a  line, 
M  at  D,  in  Fig.  49,  with  the  intention  of  com- 
ing back  to  it  again,  in  order  to  measure  to 
some  other  jwint,  t!ie  place  marked  is  called  a 
Falte  Station,  and  ia  marked  in  the  Field-book 
F.  S. ;  or  has  a  lino  drawn  around  it,  to  diatin- 
gnish.  it ;  or  baa  a  station  mark  a  placed  outside 
of  the  Column,  to  the  right  or  left,  according  to 
the  diractlon  in  which  the  measurement  ii-om  it  ia 
to  be  made.  Examples  of  tliesc  three  modes  are 
^ren  In  the  mar^. 
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A  False  Station  13  mimed  by  its  position  on  the  line  ivhero  it 
belongs;  a3  tJius— "  200  on  6G2." 

When  a  gate  occurs  ia  a.  measurel  line,  the  distance  irom  the 
beginning  of  the  line  to  the  side  of  the  gate  first  reached,  is  the 
one  noted. 

When  the  measured  line  crosses  a  fence  jl>roolc, 
road,  fcc,  they  are  dra-wn  on  tho  ficld-notea  in 
their  true  dli-eetion,  as  nearly  us  posgitle,  but 
not  in  a  continuous  line  across  tLe  column,  as  in 
the  first  figuTfl  in  the  margin,  but  as  in  the  se- 
cond figure,  80  tliat  tlie  two  part3  would  fann  a 
continuous  straight  line,  if  the  halves  of  the 
"  split  line"  were  brought  together. 

It  is  coavcnicat  tC'  name  the  LIiI'D^,  in  th^  margin,  aa  being  Sid«fi, 
Diagonah,  Proof  lines,  &c. 


(96)  The  Pield-notea  of  the  triangular  Cold  plattod  in  Fig.  49, 
ai'e  given  below,  according  to  both  tlio  methods  mentioned  in  tJie 
preccdin*  Article,  pages  6i2  and  63. 

In  the  Ficld-ootea  in  tho  column  on  the  right  hand,  it  ia.  not  abas- 
lately  necessary  to  repeat  tlie  B  and  C, 
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0T)  Die  Field-notes  of  tlio  survey  platted  in  Fig.  51,  are  ^reo 
below.    They  begin  at  the  bottom  of  tbe  left  band  colomu. 
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CHAPTER  II. 


SURTEriNti  B¥  TIE-LIKES. 


(98)  Sarue^ng  hy  Ttii-linea  is  a,  modiSctition  of  the  method 
ctDlaiucd  in  tbo  last  chapter^  It  froquentlj  bappcna  that  it  is  iio* 
possible  to  measure  the  dbtgoQals  of  a  field  of  many  ddea,  La  ooii3» 
quence  of  obstacles  to  measurcmentaf  such  woodg,  water,  houaea, 
In  such  cases,  "  Ke-^nics,"  (30  called  because  they  tie  ihe 
Bides  together),  are  employed  as  substitutes  for  diagonals. 

Thus,  in  the  four-Bided  field  shbwn  in  the  Figure,  the  diagonalfl 
caunot  be  measured  because  of  woods  iuter- 
reaing.  As  a  substitute,  measure  oW  from 
any  coDvenient  comer  of  the  field,  as  B,  any 
distances,  BE,  BF,  along  tie  aides  of  the 
Eeld.  Measure  aleo  flie  "tic-line"  EF. 
Bleasure  all  tho  sides  of  the  field  aa  usual.  A 

To  plat  this  field,  construct  the  triangle  BEF,  as  in  Art.  (90). 
Produce  the  aides  BE  and  BP,  till  they  become  respectively  equal 
to  BA  and  EC,  as  measured  on  the  ground.  Then  ^fith  A  and  C 
aa  centrea,  and  ivitli  radii  respectively  equal  to  AD  and  CD, 
describe  arcs,  v<hoae  intersection  will  be  D,  the  remainini;  comer 
of  the  field. 


(99)  It  thus  appears  that  one  tie-line  is  sufEcient  to  determine  a 
foTir-£ndcd  field ;  two,  a  five-sided  field,  and  so  on.  Bat,  as  a 
check  on  errors,  it  ia  bettor  to  mciisure  a  tie-line  for  each  angle, 
and  the  agreement,  in  the  jJat,  of  all  the  mcasui'cmenta  will  prove 
tha  accuracy  of  the  whole  work. 

Since  any  inaccuracy  in  the  length  of  a  tie-Une  is  increased  in 
proportion  to  the  greater  length  of  the  sides  wliicb  it  fi.\e3,  the  tie- 
lioes  filioold  bo  measured  as  far  fi-om  tho  pomt  of  mooting  of  thow 
sides  as  possible,  that  is,  they  should  be  m  long  aa  possible. 

The  radical  defect  of  tbo  Bystem  is  that  it  is  "  working  from  leaa 
to  greater,"  (iThich  is  tbo  exact  converse  of  the  ti-ua  prindplo), 
tbua  maj^tdfj  ing  inac<;aracics  at  CCry  step. 


cuA?.  ii  ]  Survejlng:  by  Tie-lines. 
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A  tie-Tma  may  also  be  emplojei  as  a  "  jiroof  line,"  In  the  plocQ 
of  a  (Uagan^,  nod  tested  in  the  same  mauier. 

Fig,  53. 

If  any  angle  of  the  fiell  is  re-entering,  as  at 
B  in  the  figure,  meaaure  a  tie-line  across  tli« 
salient  angle  ABC. 

(LOO)  Chain  Angles.  It  is  conrcnieat,  though  not  necessary, 
to  measure  equal  distances  along  the  isidcs ;  BE,  BF,  in  Fig.  52, 
and  BA,  BC,  in  Jig.  53,    "  Chiun  Angles"  are  thus  formed,' 

(101)  Inaccessible  Areas,  The  method  of  tic-lines  can  be 
applied  to  measuring  fields  which  cannijt  be  entered. 

Thus,  in  the  Figure,  ABCD  13  an  inM-  Fig.  5-1. 

ccsaible  wooded  field,  of  four  sides.  To  b  ^ 
eurvcj  it,  measure  nil  the  Bides,  find  at 
auT  comer,  D,  mcaaure  mj  cUstance 
DE,  in  the  line  of  AD  produced.  Mea- 
aare  also  another  distance  DF  in  the  line 
of  CD  produced.  Measure  the  tie-lino  EF,  and  tlie  fij^ru  can  bo 
pUtt«4  03  in  the  case  of  the  field  of  Fig.  5:2,  the  siivs  of  the  trim- 
gie  being  produced  in  the  contrary  direction. 

The  same  end  would  be  attained  by  prolonging  ouJy  one  side,  aa 
ahowu  at  the  angle  A  of  the  same  figure,  and  naeaauring  AG,  AH, 
and  CrH.  It  ia  better  in  both  cases  to  tie  all  the  angles  in  a 
similar  manner. 

Tiaa  method  may  be  applied  to  a  figure  of  any  number  of  sides 
by  prolonging  as  many  of  them  as  arc  necesmj ;  all  of  them,  if 
possible. 


*  Chiin  angles  mnj  he  rcdnceii  to  nnglei  meaiureJ  in  degrees.  I15  obKrvEug 

lint  thv  t^9-lillO  W  U]^  chi^i'.f  of       (ldqIg  Iq  ^  mJina  <'']ual  fc3  rnc  of  lllr?  eqitikl 
lma(*»  mcamrvd  on  Iho  tifies.  Tborefora,  diviJe  tho  loii°1>i  of  tlie-  tiL'-line  hy  Ihs 
lenglh  of  lliia  iliitance.    The  qnoticDC  will  be  the  cliord  lA  the  nnsle  id  n  radiat 
ef  cut.    In  the  TkSLE  or  Caords,  bC  the  end  of  tliis  Tolumtr,  fiiiif  thid  q;uod.clit 
koJ  tlic  iiiimber  uf  Je^en  end  niiuatei  cormponJin^  tu  it  givci  ihv  angle  n 

SUipnL  Ol-lKTwisCi  fierce  ih^  chor^i  of  any  ^.n^le  f^rjuals  I^Aicc  iiHti  of  h&lf 
nn^If,  harf  tliii  riil>fr  :  Divide  half  ilie  tic-lino  by  the  iDMUtirMi  dutaoea 
tint]  in'n  tulilo  iif  iintii:ra1  t'lnm  Ih<i  sngl*  correspouding  to  llie  qumienl,  ind  mal 
lipljr  tfait  angle  by  in'o,  la  get  the  augie  <]esii«d. 
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mm  siRTEvn'ti. 


(lOJ)  If  the  stiles  CD  ajid  AD  were  prolonged  by  tiieir  fuU 
length,  the  c&nkQt  of  th.a  figure  could  be  ctJeulated  without  any 
ptat ;  for  tlia  new  triangle  DEF  ivoiild  equal  the  triangle  DAC  ; 
and  the  aides  of  the  triangle  ACB  would  then  be  known. 

This  prmciplo  may  bo  extended  still  fartLtr.  j,  t 
For  a  fivfi-aidei  field,  as  in  Fig.  55,  produce 
two  pairs  of  aides,  a  distance  equal  to  their 
length,  formb^  two  neiv  triangles,  as  shown  by 
the  dotted  Imcs,  and  measure  the  sides  B'D', 
and  A'D".  The  three  sides  of  each  of  these 
triangles  lyill  thua  be  kcewD,  and  also  the  three 


1^' 


aides  of  the  tritiiigle  BAD,  eince  AD  =  A'D" 
aad  BD  =  B'D'. 

The  metbod  of  tlus  article  may  be  employed 
for  a  figure  of  six  ades  as  shown  in  Fig.  56, 
(in  which  the  dotted  lines  witLin  the  wooded 
field  have  their  lengths  determined  by  the  tri- 
angles foimed  outside  of  it,}  bat  not  for  6gurea 
frf  a  greater  number  of  adea. 


3> 


Tig.  56. 


CHAPTER  III. 
»DRVEriNG  BY  rERFE?tDI€[lLAR$ : 

OR 

By  the  Second  MetJwd. 

(UtZ)  'i'iiG  method  of  Surveying  hy  Perpendiculars  is  founded 
on  the  Second  Method  of  detenmaing  the  position  of  a  point, 
explained  in  Art,  (6).  It  is  applied  in  two  ways,  cither  to 
DQttkiag  a  complete  Survey  by  "  Diagonals  and  Perjjendiculara,'* 
or  to  measuring  a  crooked  boundary  by  "Off'-aett."  Each  will  be 
couaidcrod  in  turn. 


SnrTfylog^  by  Perpendiculars. 


Tbe  test  metlioils  of  gettiiig  perpendiciJars  on  the  ground*  niustp 
however,  t)0  first  explained. 

TO  SET  OUT  PERPENDICULARS, 
(101)  SurTfjor's  Cross,  TLe  sinipiest  iustrmnent  ^'g-  5^. 
for  this  puTfjoae  is  the  Survct/tor' s  Cross,  or  CroasStaff'f 
showa  in  the  figure.  It  conalsta  of  a  block  of  wood,  of 
Buj  shape,  haring  in  it  two  saw-cuts,  made  very  precise- 
ly at  light  angles  to  each  other,  al>out  half  an  inch  deep, 
and  witt  ccutre-bit  holes  made  at  the  bottom  of  the  cuts 
to  assist  in  finding  the  objects.  This  block  la  fixed  on  a 
pointed  BlalT,  on  which  it  can  turn  free!/,  and  which 
should  le  precisely  S  lints  inches)  long,  for  the 
convenience  of  abort  measurements. 

To  use  the  Cross-staff  to  erect  a  perpendicular,  set  it 
at  the  point  of  the  Ene  at  whicli  a  perpcuJicidar  is  want- 
ed. Dum  its  head  till,  on  looking  tlirough  one  saw-cut, 
you  see  tlie  ends  of  the  line.  Then  will  the  other  saw- 
cut  point  out  the  diret'tion  of  the  perpendicular,  and  llnis 
guide  the  measurement  desired. 

To  find  where  a  perpendicular  to  the  lino,  from  some  object,  ai 
a  comer  of  a  field,  a  tree,  kc,  iroiild  meet  the  line,  set  up  the 
ci-osa^^taff  at  a  point  of  die  lino  which  seems  to  the  eye  to  be  about 
tbe  spot.  Note  about  Iiow  far  from  tlie  object  the  perpeadicnlar 
at  this  point  strikes,  and  move  the  cross-staff  that  distance;  and 
repeat  the  operation  till  the  correct  spot  ia  foimd. 

(105)  To  test  the  accuracy  of  the  in-  S8.  b  ^  C  ,B 

strumcnt,  sigbt  through  one  slit  to  some  \  j  / 

point  Aj  and  jdace  a  stalce  B  in  tlic  line  \j/ 

of  aiglit  of  the  otlior  sliL    Then  turn  its   x  — ■  

head  a  f^uarter  of  tbe  way  around,  so 

that  the  second  slit  looked  through,  points  to  A.  Tlien  see  if  the 
other  slit  covers  B  again,  as  it  will  if  correct.  If  it  does  not  do 
so,  but  sights  to  some  other  point,  as  B',  the  apparent  error  ia 
double  the  real  one,  for  it  now  points  as  far  to  the  right  of  tbe  tree 
point,  C  aa  it  did  before  to  lie  left. 


■ 
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CIIAIN  SCRVE¥I\'G. 


[fibi  n. 


Thh  is  the  first  example  we  have  Lad  of  the  invaluable  pr!i> 
ciple  of  Mcversio7if  vhach  ia  used  in  almost  eyorj  teat  of  the  acca- 
racy  of  Surve^-iug  and  jVstronomical  instrumcnta,  its  peculiar  merit 
being  that  it  doublea  the  real  error,  and  tlius  makes  it  twice  as  cas^ 
to  perceive  and  correct  it. 

(196)  The  inatrument,  ia  Its  most  finished  form,  is  made  of  a 
hollow  braaa  cj^Iinderj  which  has  two  paiiB  of  elita  exactly  oppoaite 
to  each  other,  one  of  cacli  pair  being  narrow  and  the  otlier  ■wide, 
with  a  horae-hair  sti-otchcd  from  the  top  to  tlie  bottom  of  the  latter. 
It  ia  also,  Bomctimea,  maile  with  ei^lit  faces,  and  two  more  pairs 
of  8lit3  added,  so  aa  to  set  off  half  a  ri^ht  angle.  ^--^^ 


Another  form  is  !i  hoUoir  brass  sphere,  as  in  tho 
figure.  Ttila  enables  the  surveyor  to  set  off  porpen- 
pendiculars  on  very  steep  slopes. 


Another  form  of  the  surveyor's  cross  consists  of  two  pirn  «0 
of  plain  "  Sights,'*  each  shaped  as  in  the  figure,  pluced  at 
tho  ends  of  two  bars  at  right  angles  to  each  other.  The 
slit,  and  the  opemng  with  a  hmr  stretched  from  its  top  to 
its  bottom,  are  respectively  at  the  top  of  one  sight  and  at 
the  bottom  of  tho  opposite  sight.*  This  is  used  In  the  aamo 
manner  as  tho  preceding  form,  but  33  less  portable  and  more  liabl« 
to  get  out  of  order. 

A  temporary  substitute  for  these  instruments  may  be 
mado  by  stictrng  four  pins  into  the  comers  of  a  square 
piece  of  boEitd  f  and  sighting  across  them,  in  tho  dii-cc- 
tiryn  of  the  line  and  at  right  angles  to  it, 

(107)  Optical  Sqnarc,  The  most  eonvenlent  and  accurate  in- 
Btrument  13,  however,  the  OpticcJ  Square.  Tho  Egurea  give  a  per- 
apecti7&  viovf  of  it,  and  also  a  plan  ivith  the  lid  removed.  It  is  a 
BtnuH  circidor  box,  containing  a  strip  of  looldng-glass,  from  dio 
nppflr  iialf  of  which  the  eilverina  is  removed.    This  glass  13  placed 


fig.  Gl. 


'  TliB  French  call  iliv  narrow  opeiiiDg  aillttoa,  enit  ihp  vcide  Ma  tnUh. 


eaxt.  ni.]         To  set  ont  rerpendicnlars 


FA 


SO  aa  to  mate  ptcc'iaclj  ialf  a  rigbt 
angle  mlh  tho  line  of  sight,  wliicli 
passes  Uiroagh  a  slit  on  one  aide 
of  tha  box,  and  a  vertical  hair 
stretched  across  the  opening  on  th& 
other  ride,  or  a  m:u.-k  on  the  glass. 
The  box  ia  IcM  in  the  haiid  orcr 
the  spot  where  tho  perpendlcnlar  is 
desired)  (^a  plumb  line  tn  the  hand 
Trill  ^ve  porfcct  accuracy)  and 
the  observer  applies  his  eye  to  the 
slit  A,  looldag  through  the  upper 
or  uBsilvered  ]iart  of  the  glass,  and 
turns  the  bos  till  he  sees  the  other 
end  of  the  line  B,  through  the  open- 
ing C.  The  assiataut,  with  a  rod, 
moves  jdong  in  tho  direction  where  the  perpendi;nlar  is  desired, 
heing  seen  in  the  siirered  parts  of  the  glass,  hy  reflection  through 
llie  opeuing  D,  till  his  rod,  at  E,  13  seen  to  coincidfl  with,  or  to  be 
osactly  under,  tho  ohject  B.  Tliea  ia  the  hno  DE  at  right  anglea 
to  tlie  line  AB,  hjr  the  'optical  principle  of  the  e(|aalib?  of  tho  an- 
gk-g  oF  incidence  and  reflection. 

To  find  where  a  perpendicular  from  a  distant  object  would  strikp 
the  line,  Talk  along  the  liaOj  witli  the  instroment  to  the  eye,  till 
the  image  of  tlio  object  is  seen,  in  the  ailvcred  part  of  the  glasa,  to 
coincide  with  tho  direction  of  the  Hue  aeen  through  tlie  iinsilvered 
part. 

The  instnimeot  may  be  tested  by  sighting  along  the  perpendicu- 
lar, and  fixing  a  point  in  tho  original  line ;  on  the  principle  of 
"  RcverMon." 

The  sarvciyor  caji  mate  It  for  himself,  fastening  tho  glasa  in  tho 
box  by  four  at-gular  pieces  of  cork^  and  adjusting  it  by  cutting 
away  tho  cork  on  one  aide,  and  introducing  wedges  on  the  other 
side.    Tho  box  eiiould  be  blackened  inBide. 

Another  form  of  the  optical  5i]uare  contains  two  glasses,  Ssed  at 
an  angle  of  io°y  aad  giving  a  right  angle  on  tho  principle  of  tho 
Sextant. 
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<108)  Chain  rcrpendiculars.    Perpendiculars  may  T)o  s«t  out 

irith  the  chain  alone,  a  vaiictj  of  methods.  These  methods 
geoerallj'  conaiat  in  performing  oq  the  ground,  the  opcratioas  exe- 
cuted on  paper  in  practical  geomctiy,  the  chain  heing  used,  in  the 
[lace  of  the  compasses,  to  descnbe  tlie  necessary  area. 

As  these  operations,  Loivevcr,  are  leas  often  used  for  the  method 
af  surveying  now  to  "be  explained,  tlian  for  OTcrcoming  obstacles  tc 
measurement,  it  will  be  more  convenient  iT  consider  tlicm  in  that 
connection,  in  Chapter  Y. 

DIAGONALS  AND  PERPENDICULARS, 

(109>  In  Chapter  I,  of  this  Part, -we  have  seen  that  plata  of  bhp- 
voy9  made  with  the  chain  alone.  Lave  their  contents,  most  easily 
determined  by  measuring,  on  the  plat,  the  perpendiculars  of  each 
of  the  tnanglcs,  into  which  the  diagonals  meaaurcd  on  tlic  ground 
have  divided  the  field.  In  the  SIdhod  of  Surveying  hy  Itiagonah 
and  Perpendiculars,  now  to  be  exjlainedj  the  perpendiculars  are 
moafiurcd  on  tM  ground.  The  content  of  the  field  can,  therefore, 
he  found  at  oecc,  (by  adding  together  the  half  products  cf  each 
perpendicular  by  tlie  diagonal  on  which  it  ia  let  fall,)  without  the 
necessity  of  previouely  matuig  a  plat,  or  of  mcasuruig  the  aidea  of 
the  field.  This  is,  therefore,  the  most  rapid  and  easy  method  of 
suryeying  when  the  content  alone  ia  required,  and  is  particularly 
applicable  to  the  measurement  of  the  ground  occupied  by  crops* 
for  the  purpose  of  detennining  the  number  of  bushcla  grown  to  tlie 
acre,  the  amount  to  be  pdd  for  mowing  by  the  acre,  &c. 


(110)  A  Ihree-sidfd  field.  Meaauretlio  Fig  " 

longest  &idc,  as  AI3,  and  the  perpcndicuJar, 
CD,  let  fall  on  it  from  the  opposite  angle  C. 
ThoQ  the  content  is  equal  to  half  the  product 
of  tlie  side  by  the  perpendicular.  If  obsta-  ^  c  B 
clea  prevent  tliis,  find  the  point,  whero  a  perpendicular  let  fall  frota 
AH  angle,  aa  A,  to  the.  opposito  aide  produced,  as  BC,  wiild  meet 
it,  as  at  E  in  tho  figure.  Then  half  the  product  of  AB  by  CB  ia 
.lh«  content  of  the  triangle. 


:ai».  iir] 


DIagiOQals  and  PerpendfcaliLrs. 


(Ill)  1  four-sided  mi. 

Measure  ttie  diagoual  AC.  Leave 
mai"k3  »t  the  points  on  this  diago- 
nal at  wliich  perpendiculars  from  B 
and  from  D  would  meet  it ;  finj- 
ing  these  points  bj  trial,  as  previ- 
ously directed  in  Artd.  (lOi.)  and 
(I07)<  The  bcsb  marks  at  these 
"  False  Statiens,"  have  been  described  in  Art.  (M).  Return  ta 
these  false  stations  and  measure  the  perpendiculars*  When  Iheso 
perpendiculara  are  measured  before  finishing  the  meaauremont  of 
the  diagonal,  great  care  is  necessary  to  avoid  making  mistakea  in 
the  length  of  the  diagonal,  when  the  chaimnca  return  to  continue 
its  mea.3urement.  One  check  is  to  leave  at  the  mark  as  many  pina 
as  liave  heea  token  up  by  the  Iiind-chainman  in  coming  to  that 
point  from  the  beginning  of  the  line. 

Example  9.    Recimred  the  content  of  the  field  of  Fig.  64. 

Atia.  OA.  2R.  2&P. 

The  field  may  be  platted  from  these  measurements,  if  desired, 
but  nidi  more  liability  to  inaccuracy  than  in  the  first  method,  in 
which  the  Bides  are  measured.  The  plat  of  the  figure  ia  3  chcuns 
lo  1  inch. 

The  Beld-notea  may  be  taken  hy  writing  the  measurements  on  a 
aketch,  as  in  the  figure  ;  or  m  more  complicated  cases,  by  the 
coloimi  method,  aa  helow.  A  new  symbol  may  bo  employed,  thid 
mark,  f-,  or  H,  to  show  the  False  Station,  from  which  a  perpen- 
dictilar  la  to  be  measured. 

Example  10.  Cahulaiian, 

Sq.  Iks. 

ATJC=  J  X  480  X 110  =  26400 
ADC=  J  X  480  X  175  =  42000 
sq.  c}tainit  G.UOQ 
Acres  0.6  S4 
It  is  still  easier  to  take  the  two 
triangles  together ;  multiplying 
the  diagonal  by  the  sum  of  the  pet^ 
pendiculara  and  dividing  by  two. 


SjFnjm  200  o«480 

110 
F.  S. 

-i 

2  JVora  280  071480 

175 
F.  S. 

tol> 
h- 

1  H 

S           From  A 

4  SO 
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© 
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(11  J)  A  manj-sldrd  field.  Fig.  65,  and  tie  accompanjiog 
field-notea  reprcseat  tho  field  wliich  Tvas  aun'ejed  hj  the  Firsi 
Method  and  platted  in  Fig,  61. 

Fig,  C5. 
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Fhnmple  11.  Cflitfiiitrftwi. 
The  content  of  tlie  ti-iangles  may 
be  erpreased  thu6 : 

eq.  IJtt. 

ABC  =  Jx1U2x2C7  =  1o24l>7 
AEC  =  ^xll43x493=281503 
CDE  =  ix  77&X253=  98037 
AEF  =  ix  737x164=  56749 

sq.  ehaiTii  5S.S74fl 
Acrei  5.86746 
or,  5A.  3R.  22P. 
Tlie  first  two  triangles  mighl 
have  been  taken  togethor,  aa  ir 
the  previous  field. 

Content  calculated  from  the 
pcrptndiciilajs  w  ill  generally  var 
ry  slightly  from  that  obtained  bj 
lacasiiiing  on  the  plat. 


Fi--.  ac. 


(113)  A  email  GcM  wliich  Iiils  many  sides,  may  somotlmoa  ho 
convemently  sm?feyed  by  talcing  cm  diagoaal  and  mcasiuing  the 
pcrpcndiculara  let  fall  on  it  from  each  angle  of  tho  field,  and  tiiua 
dividing  tho  whole  area  into  triangles  and  trapczoida  ;  as  in  Fig,  36, 
page  48. 

The  line  on  -which  the  pe^endiculars  are  to  be  let  fiill,  may  also 
he  out^de  of  the  field,  03  in  Fig.  37,  page  48. 

Such  a  survey  can  be  platted  very  readily,  but  tho  length  of  the 
perpendiculars  renders  the  plat  less  accurate. 

Ttu3  procedure  supplies  a  transition  to  tho  method  of  "  OKets," 
which  is  explmed  in  the  nest  article. 

OFFSETS. 

(I  I i)  OSets  are  short  perpendiculai-s,  measured  from  a  strrught 
line,  to  the  angles  of  a  crooked  or  zigzag  line,  near  which  the  straighl 
line  jwas.  Thoa,  in  the  figure, 
let  ACDB  be  a  crooked  fence, 
boundinsone  side  of  afield.  Chain 


along  the  straight  line  AB,  which  rum  &om  one  end  of  the  fence 
to  the  other,  and,  when  oppoaito  each  comer,  noto  the  distance 
from  the  bcginmng,  or  the  point  A,  and  ulso  measure  ^d  note  the 
perpendicular  distance  of  each  comer  C  and  D  from  tho  line. 
These  comers  will  then  be  "  determined"  by  the  Scccnd  MctJcod, 
Art,  («). 

The  Ficld-notcs,  corresponding  to  Fig. 
66,  are  as  in  the  margin.  The  measure- 
ments along  the  hne  are  irnttcn  in  the 
colonm,  iLS  before,  counting  from  the  be- 
diming of  the  Hue,  and  the  oSsets  arc 
^ttcn  beside  it,  on  the  right  or  left,  oppo- 
wtc  the  distance  at  which  they  are  taken. 
A  sltetch  of  tho  crooked  line  is  also  usually  a  0 
made  In  the  Field-notcSr  though  not  abeo- 
Intely  necessary  in  bo  simple  a  ease  aa 
ihis.  The  letters  C  and  D  would  not  be  used  ia  practice,  bat  are 
here  inserted  to  qIlow  the  connecldon  between  the  Tield-jLOtes  and 
the  plat. 
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In  taliin^  Hie  Field-Notes,  tlio  widths  of  the  oSeta  elioiild  no* 
be  dra\Tn  proportionallj  to  tlie  distances  between  them,  "but  the 
bread  tka  should  be  greatly  exaggerated  in  proportion  to  tlie  lengths, 

(1 15)  A  more  eiteadod  example,  with  a  little  different  notation, 
is  given  below.  In  the  figure,  which  is  on  a  8ca,le  of  8  chaiits  to 
one  inch  for  the  distances  along  the  line,  the  breadths  of  the  o^ts 
are  exaggerated  to  four  times  their  true  proportional  dimensions. 

Fig.  cr. 
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(116)  The  plat  and  Jleld-notea  the  position  of  tiva  houses, 
determined  by  oflfecta,  are  gircn  below  on  a  scale  of  2  cbainB  to  1 
inch. 

I  I  Fig.  68. 
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(117)  Double  offsets  are  som,otimes  convenient;  and  Bometimes 
triple  and  quadruple  ones.  Ec!o^Y  aro  given  the  notes  and  the 
pkt,  1  chain  to  1  inch,  of  a  road  of  varying  iridth,  both  etdea  of 
which  arc  determined  bj  double  ofiaeta.  It  will  be  seen  that  tha 
line  Alt  cro9se3  one  atdo  of  the  road  at  160  links  from  A,  and  tho 
other  side  of  it  at  220. 


Two  methods  of  keeping  the  Field-notes  are  givca.  la  tlie  first 
form,  tlie  ofeets  to  ■each  aide  of  tlic  road  are  given  separately  and 
connected  by  tlie  sign  +.  la  tJie  sce«ad  form,  the  total  distance 
of  the  second  oE&et  is  gireo,  aad  the  two  tueasuremeDts  connected 
by  the  word  "        This  i3  easier  both  for  measuring  and  platting. 
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(1  IS)  These  offsets  may  generally  be  taken  witJi  sufficient  aeeura- 
eybymeasuiing  them  as  nearly  at  right  angles  to  the  base  line  aathe 
eye  can  estimate.  The  surveyor  should  stand  by  the  chain,  facing 
the  fence,  at  the  place  which  he  thinka  opposite  to  the  comer  to 
which  he  wishes  to  take  an  ofijet,  and  measure  "  square  '*  to  it  by 
the  eye,  which  a  little  practice  will  enable  him  to  do  with  much 
oorrectaess. 


The  oKets  maj  be  meaaured,  if  short,  with  an  Offiet-itaff^  a 
llgtt  stici,  10  or  15  links  in  length,  and  diridod  accordingly  ;  or 
if  thejr  arc  long,  i>*ith  a  tape.  They  are  generally  but  a  few  linka 
in  length,  A  chrun's  length  should  be  the  extreme  limit,  as  laid 
down  by  the  Engliah  '*  Tithe  Commisaioners,"  and  that  should  be 
employed  only  in  exceptional  cases.  When  the  "  Cross-staff""  ia 
in  use,  its  di«ded  length  of  8  links,  renders  the  affeeb-Btaff  need- 
leas. 

When  ofeeta  aro  to  be  taken^  tb^  method  of  chaining  to  thei 
end  of  a  line,  described  in  Art.  (23),  page  21,  ia  somewhat  modi- 
fied. After  the  leader  arrives  at  the  end  of  the  line,  he  should 
draw  on  tho  chain  till  the  follower,  with  the  back  end  of  the  chain, 
reaches  the  last  pin  set.  Thia  facilitates  the  counting  of  the  links 
to  the  places  at  which  the  oE^ets  are  taken. 

The  offijcta  are  to  be  taken  to  every  angle  of  the  fence  or  other 
crooked  line ;  that  is,  to  every  point  where  it  changes  its  direc- 
tion. Thoae  angles  or  prominent  henda  can  he  best  found  by  one 
of  the  party  walking  along  the  crooked  fence  and  directing  another 
at  the  chain  what  points  to  measure  opposite  to.  If  the  line  whicli 
la  to  be  thus  determined  is  curved^  the  oSaetg  should  be  taken  to 
points  80  near  each  other,  that  the  portions  of  the  curved  line  lying 
between  them  may,  without  much  error,  bo  regarded  as  straight. 
It  wi]l  bo  most  convenient,  for  the  subsequent  calculations,  to  take 
tho  offsets  at  equal  distances  apart  along  the  straight  line  from 
which  they  are  measured. 

In  the  case  of  a  ci'ooked  brook,  such  as  is  shown  in  the  figurei 
given  belowj  oSeta  should  be  taken  to  the  moat  prominent  angles, 
Bueh  as  are  mai-ked  a<ia'm  the  figure,  and  the  intermodiatc  henda 
miy  be  merely  sketched  by  eye. 

Fig.  70. 


When  oilsets  from  lines  measured  around  a  field  are  taken  inside 
of  these  bounding  lines,  thoy  are  sometimes  distinguished  as  Imett. 


-  <tl9)  fUttfo^.  Tbo  most  rapid  mctltod  or  pkttiDg  the  u^ets, 
U  bj  the  use  of  a  Platting  Scale  (described  in  Art.  19)  ami  an 
Offiet  Scalcf  ■whicli  ia  a  sliort  scale  diritled  on  ita  edgea  like  a 
platting  scale,  but  harin^  its  lero-ia  the  middle,  as  in  the  figure, 

Vig.  71 


^^^^ 

  - 

  1'  ■ 
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Ti     as     s     s     ?     s  ^ 

The  platting  scale  U  placed  parallel  t&  the  lin«,  vrith  ita  zero 
point  opposite  to  the  beginning  of  the  line.  The  oSet  scale  ia 
slid  along  tha  platting  scale,  till  its  edge  comes  to  a  dlstiince  on 
the  latter  at  which  an  oSget  bad  been  taken,  thfl  length  of  which  ia 
marked  off  with  a  needle  point  from  the  of&et  scale.  This  Is  then 
slid  on  to  the  nert  distance,  and  the  operation  ia  repeated.  If 
one  person  reads  off  the  field-notes,  and  another  plats,  the  opera- 
tion will  he  greatlj  facilitated.  The  points  thus  obtmned  are 
joined  by  straight  lines,  and  a  miiuature  copy  of  the  curved  line  ia 
Urns  obtained ;  all  the  opcrationa  of  the  platting  being  merely  ro- 
petitiona  of  the  meaaurcrociitg  made  on  the  ground. 

If  no  ofl&et  scale  u  at  hand,  mate  ono  of  a  strip  of  thick  drawiog 
paper,  or  pasteboard ;  or  uae  tho  platting  scale  itstdf,  turned  cross- 
ways,  baring  prcvioogly  marked  oflf  from  it  the  points  from  which 
the  ofl^ets  had  been  t^en. 

In  p5at3  made  on  a  small  scale,  the  shorter  ofeets  are  beet  esti- 
mated by  eye. 

On  the  Opbance  Survey  of  Ireland,  the  plattmg  of  oflaeta  is 
facilitated  by  the  use  of  a  combination  of  the  cSset  scale  and  the 
platting  scale,  the  former  being  made  to  slide  in  a  groove  in  the 
latter,  at  right  angles  to  it, 

(120)  CalcDlating  Contcut.  AVKen  the  crooked  line  de^e^ 
mined  by  offsets  ia  the  bouudoiy  of  a  field,  the  content,  enclosed 
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netwcGn  it  and  the  Btraight  line  Biirvcyed,  muat  be  determined, 
that  it  may  be  added  to,  or  Bubtraeted  from,  the  content  of  the 
field  bounded  by  the  straight  lines.  Thero  are  various  methods  of 
effecting  this. 

The  area  enclosed  between  the  atiuiglt  and  the  crooked  lioeg  U 
divided  up  by  the  offsets  into  triangles  and  trapezoids,  the  content 
of  which  may  bo  calenlated  eeparately  by  Arts.  (65)  and  (67), 
and  tiien  added  together.  The  content  of  the  plat  on  page  75, 
will,  tJierefore,  be  1500  +  4125  +  625  =  6230  square  links  = 
0.G25  square  chaui.  The  content  of  tiie  plat  on  page  76,  will  in 
hke  manner  be  found  to  be,  on  the  left  of  the  straight  line  30,000 
6(^uare  lints,  and  on  its  right  5,000  aquaro  links. 

(121)  WJien  the  offsets  Iiave  been  taken  at  equal  distances,  tho 
content  may  bo  more  easily  obtained  by  adding  together  half  of 
the  first  imd  of  the  last  offset,  and  all  tdie  intermediate  ones,  and 
multiplying  the  sum  by  one  of  the  equal  distances  between  the  off- 
sets.   This  rule  is  merely  an  abbreviation  of  the  preceding  one. 

Thus,  in  the  plat  of  page  76,  tho  distanceg  being  equal,  the  con- 
tent of  tho  oflSets  on  the  left  of  the  straight  line  -will  be  120  x  250 
=  30,000  square  Unks,  and  on  the  right  20  x  250  =  5,000 
Bquaro  links ;  the  same  resulta  as  before. 

\Vhen  the  lino  determined  hy  the  offsets  is  a  curved  line,  Simp- 
gon'g  rule"  ^ves  tho  content  more  accurately.  To  employ  it,  an 
evfn\.  number  of  equal  distances  must  have  been  measured  in  tho 
part  to  bo  calculated.  Then  add  tagetiier  the  first  and  last  offset, 
four  times  the  sum  of  the  even  o&ets,  (i.  o.  tho  2d,  4th,  6th,  &c.,) 
and  twice  the  eum  of  the  odd  of&eta,  (t.  e.  the  3d,  5th,  7th,  &c.,) 
not  including  the  first  and  the  laat.  Multiply  the  sum  by  one  of 
the  equal  distancea  between  the  oJfeots,  and  divide  hy  3.  The 
quotient  will  he  the  area. 

Example  12.  Tho  offeota  from  a  straight  line  to  a  curved  fence, 
were  8,  9,  H,  15, 16, 14,  9,  links,  at  equal  distances  of  5  links. 
What  was  the  content  included  between  the  curved  fence  and  the 
(traight  line  ?  Ans.  S71.G6<3 


CBAP.  IU.J        .        o^is.  ei 

1  (122)  Many  orronoous  rules  havo  been  given  on  this  part  of  the 
eobject.  One  rule  dirocta  the  sun'eyor  to  divide  tlie  aum  of  nil 
the  oflfeets  ly  one  lea?,  tiinn  their  number,  and  multiply  tho  quotieLt 
by  the  Trholc  length  of  tlie  straight  line ;  or,  what  is  the  game  tiling, 
to  multiply  the  sum  of  a11  tLe  ofi^ets  by  tlie  common  distance 
tireen  thom.  This  utII  be  correct  only  when  the  offseta  at  each 
end  of  the  line  are  nothing,  i,  e,  wTieo  the  curved  lino  starts  froai 
tlie  straight  line  and  returns  to  it  at  the  beginning  and  end  of  ooa 
of  tlie  equal  diatances.  In  all  other  cases  it  Trill  give  too  much. 
A  secon4  rule  directs  tho  surveyor  to  divide  the  sura  of  all  the  off- 
sets by  their  nmnber,  and  then  to  multiply  the  <juotient  by  the 
whole  straight  line.  This  may  give  too  much,  or  too  little,  accord- 
ing to  circumstances. 

Suppose  offsets  of  10,  SO,  20,  80,  50,  30,  links,  to  Iiave  been 
taken  at  cqaal  distances  of  a  chain.  The  correct  content  of  tlie 
enclosed  epace  \i  200  X  100  =  2  square  chains.  The  firat  of  the 
above  rules  would  give  2.2  square  chains,  and  the  second  -would 
^ve  1.8333  chiuns. 

(123)  Kediicing  to  one  triangle  the  many-^ided  figure  which  ii 
formed  by  cheof&ets,  is  the  method  of  calculation  sometimes  adopted. 
This  has  been  fully  explained  in  Part  I,  Art.  (7S),  &c.  Tha 
method  of  Art.  (83)  ia  best  adapted  for  this  pni^xiae. 

(121)  I^qualizingy  or  ffii^l^ff  and  taking,  is  an  approximace 
mode  of  calculattoa  much  used  by  practical  surveyors.  A  crooked 
line,  determined  by  offsets,  having  been  platted,  a  straight  line  is 
drawn  on  the  plat,  across  the  crooked  line,  leaving  aa  much  space 
outside  of  the  straight  line  as  inside  of  it,  as  nearly  as  can  he  esti- 
mated by  the  eye,  "  Equalizing ' '  it,  or  "  Giving  and  taking  "  equal 


pOrtionei.  The  straight  line  ia  best  determined  by  laying  atirOU 
the  irregular  outline  the  atnught  edge  of  a  piece  of  transparent 
boni,  or  tracing  paper,  or  glass,  or  a  fine  thread  or  hoise-h&it 
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Btretehed  atraight  hj  a  light  bow  of  whalebone.  In  practical 
hands,  thi9  method  h  BuScientl^  accurate  in  most  cases.  The  sto* 
dent  will  do  well  to  trj  it  on  figures,  the  content  of  which  he  haq 
prCTiously  aacertJuncd  hy  perfectly  accurate  methoda. 

Sometuno3  this  method  may  be  advantageously  combineii  with 
the  preceding ;  short  lengths  of  the  erooH>ked  houndary  hoiog 
*'  Equalized,"  and  tlie  fewer  resulting  jdgzaga  reduced  to  one  line 
by  the  method  of  Art.  (TS),  kc. 


CHAPTER  IV. 


SURTETIXG  B¥  THE  PRECEDING  KIETDODS  CONBIHED. 

125)  All  the  methoda  which  have  been  e:tpl^ed  in  the  three 
preceding  chapters — Surveying  by  Diagmah,  by  Tie-linea,  and 
by  JPerfmAievlars,  particularly  in  the  form  of  ofi^ets — are  fre- 
quently required  in  the  same  survey.  The  method  by  Diagmala 
should  he  the  leading  one  ;  in  some  parts  of  the  eiir\'ey,  obstnelea 
to  the  measurement  of  diagonals  may  require  the  use  of  Tie-line»  ; 
{Lad  if  the  fences  are  crooked,  straight  lines  ore  to  be  measured 
near  themj  and  their  crooks  detennined  by  Offsets. 

(126)  Offsets  aro  necessary  additions  to  almoBt  every  other 
method  of  Burroying.  In  the  smallcet  field,  surveyed  by  diagonals, 
tmlesa  all  the  fences  are  perfectly  straight  lines,  their  bends  mast 
be  delenmned  by  offiets.  The  plat  (scale  of  1  chain  to  1  inch), 
ftfld  field-notes,  of  auch  a  case  are  given  below.    A  sufficient  nuiii- 


Diagonals,  Tie-tines  aad  Offsets, 


ber  of  tlie  sidea,  diagonnJs,  and  proof-lines,  to  prove  ihe  wori,  ahwild 
be  platted  before  platting  the  uSeta. 
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Example  13.  Required  the  con- 
teot  of  the  above  field.  Am. 
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<1?7)  Field-books.  The  difficulty  imd  tbo  imporcance  of  keep' 
ing  the  Fleld'DOtes  clearly  and  distinctly,  increase  with  each  new 
combination  of  methods.  For  this  reafon,  three  dififerent  methoda 
of  keeping  the  Field-notes  of  the  same  surrey  will  now  be  given, 
(from  Bouma'  Surveying),  and  a  carofUl  compaxison  bj  Ae  stw- 
ient  of  the  corresponding  portiona  of  each  will  be  very  profitable 
to  him. 


St  CIUIN  SITBTETIJiC,  [rixr  n 

FIELD-DOOK  SI*.  1. 


FielolrBook  No.  1  (Tig-  74)  Bhe-sra  the  Sketch  meflioil,  cipWn 
td  in  Art.  (94). 


K6  Cnm  SURTETINS.  L^ut  a 


FIELD-BOOK  No.  3. 


Field  Boole  lib.  3  (Tig.  76)  is  a  convenient  c&mblnatioa  of  tii* 
two  preceding  methods.  The  bottom  of  the  Book  t£  al  the  ade  of 
tluB  figure,  at  A. 
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(128)  It  will  eaaljapjicar  from  the  sketch  of  FielJ-book  No^  1, 
how  mucli  time  and  labor  maj'  fco  saved,  or  lo3t»  lij  t3ie  maimer  of 
doing  the  work.  Thus,  begiiintng  at  A,  and  measuring  ToO  linka, 
a  pole  should  he  lefl  there,  aad  tlie  line  to  the  right  meoaured  ia 
17  chiuiis,or  Cj  Ica^g  a  polo  at  12.30  as  a  new  fitartuig  point  hy 
and  bj.  I1ien  from  C  measure  19  chiuns  to  A  agaj<a  ;  then  meor 
sore  from  A  to  B,  and  from  B  back  t»  the  pole  left  at  7.50  on  the 
lino. 

(Its)  The  example  which  will  now  be  given  ahow3  part  of  the 
Field-not^a,  the  plat,  (on  a  scale  of  G  inches  tol  mile  [1 : 10,500]),  » 
and  a  partial  calculation  of  the  *'  Filling  up"  of  a  larye  trifuigle, 
the  angular  points  of  tthich  are  supposed  to  have  been  determined 
by  the  methods  of  Geodoaic  Siirrejiag.  They  ehould  bo  well 
studied.* 


'  CapL  f  RrrMc,  in  his  "  TrigonomeBical  Surrey,"  from  vrhkh  ibia  e«unp!a 
ba*  h^n  etijwJ^iised,  retuarkt,  "  It  mny,  perbi)P»,  oe  tliimght  tliiil  ioa  rouch  atrcM 
L»  laid  on  fomti ;  but  metiiod  a  a  moat  wcntiBl  fart  of  Aa  iitnlertaltiTig  of  mdgni- 
lu-Je;  nuil  wiilioat  excellent  preliniinary  amitiffeiiienu  In  piwnro  uDlibnnilj  in 
nil  tbo  molt  triFlin^  cIe'IjiiIj.  the  wurk.  never  coultl  go  on  crftlilnlily.*' 


CHAIN  SiBTET 06. 


■ 


C 

25G4 

SO 

D 

A 

ji 
o 

«M 

4050 

F 

'  ^ 

2452 

CO 
CO 

100 

ooau 

N 

2324 

1530 
1420 

84 
40 

42 
0 

ST30 
3540 

0 

0 

1S40 

0 

3420 

30 

H 

1264 

0 

FromA 

ioD 

A 

72 

 ^ 

2484 

S 

1240 
1140 
950 
772 

52 
86 
100 
SO 

A 

40 

60 
0 

2332 
2206 
2056 

0 

0 
34 
50 
70 
82 

604 

502 

450 

342 

220 

^ 

C 

0 

1805 

iO 

3206 

0 

1550 

50 

3275 
3120 
2940 
2573 

54 
62 
85 
60 

X 

1442 

0 

to  A. 

FramD 

D 

to  C. 

Id  the  above  specimsQ  of  £i  Eeld-boob,  ('trlucli  resembles  that  oa 
fiage  85),  all  offsets,  except  tlioae  having  relation  to  tlic  boundary 
linea,  aro  purposely  Omitted,  ttj  prevent  confusion,  tlic  exatuple 
being  given  solely  to  illuatrato  tho  teiethod  of  calculating  tJieae 
larger  diylsioos.  Eougb  diap'ams  are  dxn-wn  in  the  field-b'OO'k  not 
to  any  scale,  but  m&rely  bearing  some  sort  of  resemblance  to  Uio 
lines  taeaaured  on  tlio  ground,  for  the  purpose  <ff  shoiving,  at  any 
period  of  tho  work,  their  directions  and  bow  they  aro  to  be  coonect- 
ed ;  and  also  of  eventually  assisting  in  laying  down  the  diagram 
atid  content  plat.  On  these  rough  diagrams  aro  written  the  dis- 
tinctive letters  by  wliicb  each  lino  is  marked  in  the  field-l>i>ok,  and  alfio 
its  length,  and  th.e  dlstancca  between,  points  marked  upon  it,  from 
wliich  other  measuremcata  liranch  oEF  to  connect  the  interior  por 
■tioas  of  the  district  surveyed. 

(130)  faleuUtions.  The  calculation  of  one  of  the  figarea,  M) 
is  given  below  hi  detail.  It  is  cdmpoflcd  of  the  triangle  DPQ,  frith 
ofeets  along  the  sides  PQ ;  and  of  the  triangle  DWX,  with  ofl&ets 
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along  tlie  sides  and  WX.  Ftom  tlie  content  thxis  obtatned 
iQugt  be  subtracted  tho  oSaets  on  PQ,  belonging  to  the  figure  IL, 
and  those  on  WX  belonging  to  the  figure  J^.  IVhcn  the  cSsita 
are  triajiglea,  (right  angled,  of  courge),  the  base  and  peqKQdIcuIar 
aro  put  dorm  m  two  eides ;  n'hen  tbcj  are  trapezoids,  the  two 
pjiriUel  sides  and  the  distance  between  them  occupy  tho  colmnilB 
of  "sides." 


t 

TKIANQLE 

1  1st 

2d 

So 

COSIEST 

DIVISION. 

OR 

rx 

TRAPEZOID. 

jsiDB. 

SIDE. 

Additives. 


52 
80 


DWX  1370 
PW  SO 


WX 


66 
36 


52 
30 


1442 


56 
36 


250 
80 

2ie 


770 
310 
114 
104 

90 


Toiai  Atldttivee^ 


.6500 
.S280 
.3240 


i.ao20 

51.8339 
.4650 
.3192 
,4TS4 
.1020 


.9590 


140.S255 


Sutitraetives. 


PQ 


WX 


60 
SO 


52 
64 


50 
30 


64 


174 
"66 


142 

23^ 
88 


.4350 

i.ieso 

.0990 


1.7020 

.3692 
1.3456 
.2816 


1.9964 


Total  Suhtractivei, 
Total  Additlveg, 

I      1  I 

Difference,  \ 


3.6984 
140.8255 


137.1271 


so 


mm  suRTGnsG, 


[fjut  ir. 


Tho  other  figures ,  eomprised  within  the  large  triajigle,  are  record- 
ed and  calculated  in  a  similar  manner.  Aa  abridged  renter  of 
the  rfisultfl  ia  given  b^low. 


1HVI3I0H. 

ADDITIVEa. 

SUBTRACTIX'E. 

DIFPERESCE  IX 
SQUARE  CHAIKS. 

DNS 
and  offsets. 

DWX 
NUV 
and  offsets. 

140.4893 

IL 

DNO 
and  offaeta. 

Dpa 

anil  oS^etd. 

100.1882 

ANO 
and  ofeete. 

N115I 
and  offsets. 

10S.9TT8 

©  < 

HTN 
NUV 
NRM 
and  olfeels. 

0E&ct3. 

>  81.6307 

CN.3 
and  ofidcta. 

HTN 
and  o&ets. 

109.6064 

m 

DPQ 
DWX 
and  oE&ets, 

OEfeeta 

'  137.1271 

Total, 

672.9195 

The  accuiacj  of  tha  preceding  calculations  of  the  separate  figures 
muet  DOIT  be  tested  comparing  tho  sum  of  their  areas  \Yith  that 
of  the  large  triangle  ACD,  which  compiisca  them  all.  Their  area 
must  previously  be  increased  by  tho  oSaets  on  the  lines  CS  and  CH, 
ivhieh  had  bceix  deducted  from  H,  md  ^hich  amount  respocti^clj 
to  3.5270  and  2.8690.  The  total  areas  will  then  etjual  &T0.3155 
eqiiare  chains.  That  of  the  triangle  ACD  h  679.5032 ;  a  diffcr- 
eikce  ofless  than  a  fifth  of  a  equare  chain,  or  a  fiftieth  of  an  acre 
OT  about  one-fortieth  of  one  per  cent,  on  tho  total  area. 

(131)  Tbe  six  lines*  In  most  coses,  great  or  emU,  nx  fun- 
damental lints  -will  need  to  be  measured ;  y'lz.  four  approximate 
boundary  linos,  forming  a  cmadrilatoral,  and  ita  tiFO  diagoniils. 
SnmU  triangles,  to  determine  prominent  pomts,  can  be  formed  -withia 
und  without  these  main  lines  by  the  FmsT  Method,  Art.  (4), 
and  the  lessor  irrcgularitieg  can  be  determined  by  offoeta. 
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A  


Thus,  in  the  abore  figure,  two  stroiglit  lines  AB  and  CD  are 
measured  tluough  the  entiro  length  and  breadtli  of  llie  farm,  or 
towTialiip,  vrhicli  is  to  be  aurvcjed.  The  cooneciing  linea  AC,  CB, 
ED  and  DA  are  also  meaaared,  uniting  the  eitrcmlties  of  the 
first  two  lines.  The  last  four  Hues  thus  form  a  quadrilateral,  whicli 
is  dirided  into  two  triangles  by  one  of  the  first  measured  linea, 
Trhile  the  aecond  serves  a3  a  proof-line.  The  distance  from  the 
intersection  bf  the  tvro  ^agonala  to  the  extremities  of  each,  being 
measured  on  the  ground  and  on  the  platjaSTorda  an  additional  test. 

Olier  points  of  the  diatrict  surrejed  (as  E,  G,  K,,  kc,  in  the 
tgurcj)  are  detennined  by  mcaauring  Hie  distances  from  them  to 
Imown  points  (as  M>  N,  P,  &c.,  in  the  figure)  atnated  on  eome 
of  the  eix  fundamentul  lines,  thua  forming  the  triangles  T»  T« 

The  interaection  O  of  the  main  diagonab,  and  also  the  intersec- 
tions of  the  TlLiious  nunor  lines  "vnth  the  main  lines  and  with  each 
other,  should  all  be  carefully  noted,  as  additional  checks  when  tha 
urork  cornea  to  be  platted. 


rnin  sitrtetiivc. 


[fast  It: 


The  larger  figures  are  determined  first,  and  the  smaUfrr'  one* 
based  upon  them,  in  aceordaoce  TfiUi  this  importaat  principle  ia 
aU  survejing  operations,  alwaja  to  work  from  the  whole  to  tha 
pai'ts,  and  from  greater  to  less.  The  unavoidable  inaccuraeiea  are 
Uiu3  subiiividcd  and  diminished.  Tlia  opposite  course  would  acca- 
miilate  and  magnify  them. 

These  ad<litional  lineg,  wliich  form  secondary  triangles,  should 
be  ao  choaea  and  ranged  as  to  pass  through  and  near  as  many  ob- 
jects as  poesihlc,  in  order  to  require  as  few  and  as  short  ofFaeta  &a 
the  position  of  the  lines  will  permit ;  the  smaller  uregularides  being 
determined  by  o&ets  as  usual.  It  is  better  to  measure  too  many 
lines  than  too  few,  and  to  establish  unnecessary  "  false  stations," 
rather  than  not  to  have  enough. 


(132:)  ExceptfoQal  cases.  The  preceding  arrangement  of  linea, 
though  in  moat  cases  the  test,  may  sometimes  ho  varied  with  ad- 
vantage. Unless  the  farm  surveyed  be  of  a  shape  nearly  as  broad 
as  long,  the  two  diagonals  will  cross  each  otler  ohliquely,  instead 
of  nearly  at  right  angles,  aa  ia  desirahle. 

s 


Whoa  the  farm  is  much 
longer  thin  it  is  wide,  two 
lyatems,  of  elt  lines  each, 
may  be  used  with  much 
advantage,  as  in  Fig.  79. 
Several  such  may  ho  com-  /. 
hined  when  necessary. 


In  a  case  like  that  in  51g. 
80,  fire  hnea  will  be  better 
than  six,  and  will  tie  one  an^ 
other  together,  their  points  of 
intersection,  being  carefully 
□otad. 


........  .Q^..^  y-y,  ^  m 
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Fig.  Bl 


Id  the  fum  represented  in 

Fig.  81,  th.0  Bystem  of  Ikea 
there  shovm  is  the  best,  and 
they  mil  sho  tie  O'lte  another. 

* 

(133)  MqcIi  difEculty  mil  often  l^e  found  in  nm^g  and  mea* 
Soring  Urn  long  llnea  required  hy  this  metiiod  in  extensive  eui'reya. 
Various  coatrivau'ccs  for  overcoming  the  otetaclea  which  maj  be 
met  with,  will  be  explained  ia  the  following  chupter.  It  -will  often 
be  coQvenicat  to  measure  the  minor  lines  along  roiids,  lanes, 
paths,  &C>,  although  thej  may  not  lie  in  the  tDOet  dcairablo  direc- 
tions. Steeples,  chimneys,  remarkable  trees,  and  otlicr  objects  of 
that  character,  may  often  be  eightcd  to,  and  the  line  meaaured  to- 
wards them,  with  much  saving  of  and  labor.  The  point  where 
the  measured  lines  cross  one  another  should  always  be  noted,  and 
they  will  thus  form  a  yery  complete  series  of  tte-lincs.* 

A  view  of  the  district  to  bo  surveyed,  taken  frotn  some  elevated 
position,  will  be  of  much,  asslabonce  in  planning  the  general  direc- 
tion of  the  lines  to  be  measured. 

<134>  Inaccessible  Areas. 

A.  combioatioD  of  o^ts  and 
tie-lines  supplier  an  easy  me- 
thod of  Eurvoying  an  inaoeet- 
nble  area,  such  aa  a  pond, 
swamp,  forest,  block  of  houses, 
&c.,  ns  appears  from  the  fi- 
gure; inwhiclLestemalboand- 
iog  lines  are  taken  at  will  and 

*  To  Bad  ihi}  rsBCl  l>otal  of  iolersectiAD  of  ih^M  linM,  wblcli  afe>  ontT  '  *i>Iial 
lioH,"  (^I'Splnincd  in  Arl.  (10),)  three  fPTsons  are  necC'isnry-:  one  aranJa  bI  loma 
poiui  of  otiK  of  tlie  linei  uui!  sigla*  lo  lotne  oilier  jioinl  on  it ;  it  gpcoiid  doe-s  tbe 
Mine  on  the  iecowi  line  ;  liy  sigua  tbey  direct,  lo  righi  or  It-ft,  the  movemcnia  of  a 
tJiinlfitnon,  who  holda  a  rod,  till  boi*  plact^  in  bulb  of  the  liooa  mil  tiiui  4t 
Ui«ir  mlenectloD,  oa.  tLe  priucipk  pf  Art  [11}. 


Fig,  m. 


measurecl,  and  tied  by  "tie-lines"  measured  betireen  these  lines, 
prolonged  when  necessary,  aa  in  Art.  (101),  wMle  ofl&ets  from 
tliem  determine  ihe  irregulariiiea  of  the  actual  boundaries  of  tlie 
pond, 

Tbesc  offsets  are  itiaefs,  and  their  content  is,  of  course,  to  ba 
subtracted  from  tho  content  of  the  principal  figure. 

Even  a  circular  field  migbt  thus  be  approximately  measured  from 
the  outaide.  * 

If  tbe  Bhape  of  the  field  admits  of  83. 
it,  it  ivill  be  preferable  to  measure 
four  linca  about  the  field  in  such 
directions  aa  to  enclose  it  in  a  rectr 
aogle^  and  to  measure  o^ets  from  the 
sidca  of  this  to  the  angles  of  the 
field. 

(135)  Wl&n  one  of  the  lines  mtl.  which 
an  inaccessible  field  i3  aurroimded,  as  ia 
the  last  two  figures,  cuts  a  comer  of  the 
field,  as  in  Fig.  54,  the  triangle  ABO  ia 
to  be  deducted  from  the  content  of  the 
enclosing  figure,  and  the  triangle  CDE 
added  to  it.  The  triangle  DEF  is  also 
to  bo  addedj  and  the  triangle  FGH  de- 
ducted. To  do  this  directly,  it  woidd  be 
necessary  to  find  tho  points  of  intersection 
C  and  F.  But  this  may  bo  difficult,  and 
can  be  dispensed  with  by  obtaining  the 
diflferencc  of  each  pair  of  triangles.  The 
difference  of  ABO  and  CDE  Tvill  be  ob- 
tained at  once  by  multiplying  the  differ- 
ence of  tho  oSets  AB  and  DE  by  half  of  BE ;  and  the  dififerenca 
of  DEF  and  FGH  by  multiplying  tho  difference  of  DE  and  GH 
by  half  of  EG.' 

•  For,  molcing  iho  triangle  Dmn  =  ABC.  tlie-n  wiiEO  =  Es  X  j  (nn  -f-  CE) 
M  (DB  —  AD)  X  i      ;  aad  to  viOt  lUe  otliar  piir  of  iriaoglei. 
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(136)  Roaiis*  A  winding  Road  naay  also  be  surveyed  thus,  as 
18  slioffiu  in  Fig.  85;  Etraight  lines  being  measured  ia  the  road, 

Fig.  85. 


'ft 


their  ctanges  in  directioii  determined  by  6«-lin1;9,  tying  ono  line  to 
the  preceding  one  prolonged,  as  explained  in  Chapter  II,  of  this 
Part,  and  points  in  the  road-fenees,  on  each  aide  of  these  straight 
lines,  being  determined  by  oSets. 

A  RiTer  may  also  be  soppoaed  to  be  represented  by  ihc  aboTa 
ifinding  lines ;  and  the  lover  set  of  lines,  tied  to  one  another  as 
before,  and  idth  ol^ets  from  them  to  the  water's  edge,  will  be  suf- 
Sctent  for  making  an  accurate  snn-ey  of  one  eid&  of  the  river. 

(137)  Toirns.  A  town  could  be  guTTeyed  and  mapped  in  tli« 
same  manner,  by  metssuring  straight  lines  through  all  the  streets, 
determining  their  angles  by  de-lines,  and  taking  o^etB  from  then) 
to  the  blocks  of  houses. 


86 
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CHAPTER  V. 


OBSTACLES  TO  MEASKREMEfllT  IN  Ctim  SURVEriKG. 

(ISS)  In  the  practice  of  the  Tarioua  methods  of  eurvejing  which 
have  been  explained,  the  lulls  and  vallejB  which  are  to  be  croasod, 
the  sheeta  of  witter  ■which  are  to  bo  passed  oyer,  the  woods  and 
bouses  irhich  are  to  be  gone  through — all  these  form  ohsladee  to 
the  measurement  of  the  neceasary  lines  wbich  are  to  join  certain 
points,  or  to  be  prolonged  iu  the  eame  direction.  Manj  special 
precautions  and  contrivancea  are,  therefore,  rendered  necessary  ; 
and  the  beat  methods  to  bo  employed,  when  tho  chain  -alone  is  to 
be  used,  will  be  glren  in  the  present  chapter. 

(IS'J)  Tho  methods  now  to  be  given  for  overcoming  the  Tarioua 
obstaelea  met  i\iti  in  practice,  conetitutc  a  Lanh-GeOMetrt. 
Ita  problems  are  performed  on  the  ground  instead  of  on 
paper  :  its  compassea  are  a  chain  fixed  at  one  end  and  free  to  swing 
around  with  the  other;  ita  scale  ia  the  chain  itself;  and  ita-  ricUr 
is  the  same  chain  stretched  tight.  Its  advantages  are  that  its  sin- 
gle inatrument,  (or  a  substitute  for  it,  such  nfl  a  tape,  a  i"opc,  fec^) 
can  Ijo  found  anju-hcro  ;  and  ita  only  aualiarics  are  equally  eaay 
to  obtoinj  bebg  a  few  atraight  and  slender  rods,  and  a  plumb-line, 
fur  which  a  pebble  suspended  by  a  thread  is  a  sufficient  substitute. 

Mpny  of  these  problems  require  the  employment  of  perpendicu- 
lar and  jiarallel  lines.  For  this  reason  we  will  commence  with  this 
class  of  Prablems. 

Tho  Demonstrations  of  these  problems  will  he  placed  in  an  Ap- 
pendix to  this  volume,  which  will  bo  the  moat  convenient  arrange^ 
mcnt  for  the  two  great  classes  of  studonta  of  surveying ;  those  who 
wish  merely  the  practice  without  tho  principles,  and  those  who  wish 
to  secure  both. 

The  elegant  "  Theory  of  Transversals"  will  be  an  important  ele- 
ment in  some  of  these  demonstrations.  AH  of  them  will  constitute 
excellent  exorcises  for  students. 
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PROBLEMS  ON  PERPENDICULARS/ 
Problfm  I.    24"  trtct  a  perpmdieitlar  at  any  paint  of  a  Hat. 

(140)  -F^Vsf  McM.    Let  A  be  the  *'>s-^- 
point  at  which  a  perpcQdiculm*  to  the  Hue  iis 
to  he  Bet  out.    Measure  ofif  fiqiiid  distaucca 

AB,  AC,  oa  each  side  of  the  point.    Take   a. 

a  Mi-tioQ  of  the  chain  not  quite  1^  times  &s 
liag  afl  AB  ot  AC,  fix  one  end  of  this  at  B, 
aad  describe  an  arc  with  tli&  oiker  end. 
Do  the  same  from  C.  The  intsraection  of  these  arcs  will  fix  a  point 
D.  AD  nill  be  the  pei^pondicalar  rc[[uire(3.  Repeat  the  operation 
on  the  other  side  of  the  Hac.  If  that  b  impossible,  repeat  it  on 
Ihe  side  with  a  (Mbreat  length  of  chain- 

(111)  Second  Miihod.  Measure  off  as  be-  ►"'g- 
fore,  eriual  distOQCes  AB,  AC,  but  each  about 
only  one-third  of  the  chwn.  Fasten  the  ends 
of  the  chain  with  two  pins  at  Baud  C.  Stretch 
it  oat  on  one  side  of  the  line  and  put  a  pin  at  thd 
luiddlc  of  It,  D.  Do  the  same  en.  the  other  % 
side  of  the  line,  and  set  a  pin  at  E.  Then  is  a  perpendicular 
to  EC.  If  it  is  impossible  to  perform  the  operation  on  both  eidca 
of  the  line,  repeat  it  on  the  same  side  with  a  diScrent  length  of 
chain,  as  diown  by  the  lines  BF  and  CP  in  the  figure,  so  as  to  get 
a  second  point. 

(112)  Oifixr  Metltods.  All  the  methods  to  be  ^ycq  for  the 
neit  problem  may  be  applied  to  tliis. 

Many  of  ihiae  metlioJa  vo-nlJ  icIJtitn  be  r^tjniivd  in  iireclice,  bal  cat^*  «om.o- 
limei.  ucirur,  ai  everv  iurvcjoT  of  mocli  cuperiFiico  in  JielJ-vfork  has  foun.d  la 
|]»  terions  inconvenlpnce,  in  nliicti  wrnie  jiecullnrily  of  tliu  lotal  circiiiniUincM 
fnrbiJa  niiy  xt(  [be  niDul  methoda  Wmg  applicil.  Iji  tucii  canes  the  coUnUud  hers 
girf  Q         be  fuuDd  of  great  vnlnc. 

Id  all  llip  figure),  the  ^n-ea  and  n)«iuurnl  Iitim  uro  drawn  with  fine  Tull  lines, 
Jie  \'i<usl  lio^i,  or  tines  of  >ig)ir.  lirukt'n  linci,  aud  ibp  Xiaei  of  llii;  reiuil 
with  heai-j  fnll  lines.  Tlie  jHiinli  which  nrc  cmre*  around  whicb  llie  chain  it 
«wnn-,  are  endofrnl  in  circles.  The  a1|ihabeticat  QrJcr  of  ihe  lelti^ri  allacheit  l» 
the  pvtaii  djou'i  iu  wliat  nrder  they  are  tukeu. 

T 
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Problem  2.  Ta  erect  a  perpendicular  to  a  Mno  at  a  given  pointy 
when  t]i6  point  is  at  or  near  t/ie  end  of  Uie  line. 

<US)  First  MeOiod.  M«a3iiro  F'S-SS. 
40  linta  alougthc  line.  Let  one  as- 
Biatant  hold  ono  end  of  tbo  chain  at 
that  point ;  let  a  second  hold  the  20 
link  mark  which  is  nearest  tho  other 
end,  at  thei  giFen  point  A,  and  let  a  ^ 
third  take  the  50  link  mark,  and 
tighten  the  chain,  dranring  equallj  on  hoth  portions  of  it.  Then 
will  the  50  link  mark  he  in  the  perpendicular  deaired.  Repeat 
the  operation  on  the  other  aide  of  the  line  so  as  to-  test  the  work. 

ITie  above  aurabci-s  aru  the  most  easily  remembered,  but  thn 
longer  the  lines  mcaaurcd  the  better  ;  and  nearly  tho  whole  chain 
may  be  med,  tLua:  Fix  down  the  86th  link  from  one  end  at  A» 
and  the  4th  link  from  the  same  end  on  the  line  at  B.  Fix  the- 
other  end  of  tho  chain  also  at  B.  Take  tho  40th  link  mark  from 
tliia  laat  end,  and  draw  the  chain  tight,  and  this  ma:"k  will  bo  ia 
the  perpendicular  desired.  The  sides  of  the  tiiangle  formed  by 
the  chain  will  be  24,  32  and  40. 


(144)  Otherwise  :  using  a  50  feet 
tape^  hold  the  16  feet  mark  at  A ; 
hold  the  48  feet  mark  and  the  ling- 
end  of  the  tape  together  on  the  line; 
take  the  28  feet  mark  of  the  tape,  and 
di-aw  it  tight ;  then  wiU  tho  28  feet 
m.^rk  bo  in  the  perpendicular  desired. 


Fig.  8£>. 


(145)  Second  Method.  Ilold  one  end 
of  the  chain  at  A  and  fix  the  othc'r  end  at  a 
point  B,  taken  at  will.  Swing  the  chdn 
around  B  as  a  centre,  till  it  again  meets  the 
line  at  C.  Then  carry  the  same  end  around 
(tho  other  end  remaining  at  B)  till  it  comeB 
in  the  line  of  CB  at  D.  AD  is  the  perpen- 
dic.'iir  required. 


fig.  3(J. 
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Fig.  Bi. 

I) 


Thia  irill  fix  tke  point  D,  and  AD  will  be  ihe 
pcrpeodiculor  reqmred. 


c 


A 


(UJ>  Fourth  Mitfiod.  From  the 
givca  point  A  set  off  on  tho  ^ven  line 


Fig. 


T 


any  diatonc*  From  B,  m  any       ^^^^^.---''y^  I 

coaTeiiieat  direction,  set  off  BC  =  AB.  ~i>       —tj,  --Jj^ 

Then  on  the  given  line,  set  off  AD  =  y^^^^-"''''^ 

AC.  On  CB  prolonged,  set  off  CE  =  C^^^^ 

AD.  Join  DE ;  and  on  DE,  from  D,  set  off  DF  =  2  AB.  Tfien 
will  Uie  lioe  AF  be  perpeodicular  to  th*  Ime  AD  at  tho  point  A. 

FroblCDi  S,  To  ere<^  t  pefpendUular  to  an  inacceaaihU  line, 
at  a  given  point  of  it. 

(148)  Fint  Mitfiod,  Get  points  in  thfl  direction  of  the  inao- 
ccssible  lino  prolonged,  and  from  them  set  out  a  parallel  to  tho  line, 
by  methods  which,  are  given  in  Art.  (165),  &o.  Find  by  trial  the 
iwint  in  which  a  perpendicular  to  tbia  second  bne  (and  thereforo  to 
the  first  Unc)  ivil!  pass  through  the  required  point. 

(149)  Second  MdJwd.  If  the  line  is  not  only  inacecBsiWe, 
but  cannot  have  its  direction  prolonged,  tho  desired  perpendiculitr 
tan  bo  obtained  only  by  4  complicated  trigonometrical  operation. 

Problem  4i  Ti>  let  fall  a  perpendicular  from  a  gioen  point  U 
a  given  line. 


end  of  the  chain  at  P,  and  siring  it  ^ 


around  till  tho  same  distance  meets 
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the  line  at  some  point  D.  The  middlo  point  E  crf  tLe  distance  CD 
will  be  the  lequired  point,  at  vhicli  the  perpcDillciilar  from  P 
would  meet  tlie  linp. 


(151)  Sioaiil  Method.  Stretch  a  cWin,  or  a  portion  of  it, 
from  the  given  point  P,to  somo  point,  aa  A,of  the 
^ven  line.  Hold  the  end  of  the  distance  at  A, 
and  swing  round  tlio  other  end  of  the  chain 
from  P,  BO  as  to  set  off  tho  same  distance  along 
the  given  line  from  A  to  some  point  B.    Mea^  c  B 

Bure  BP.    Tlien  will  tie  distance  BC  from  B  to  the  foot  of  the 

desired  perpendicidar  = 


(152)  Other  Mdliods.  All  the  methoda  ^ven  in  the  nexi 
problem  can  be  applied  to  thia  one. 


Problem  5i  To  let  fall  a  perpendtsulitr  to  a  line,  from  a  point 
nearljf  opposite  to  lite  cad  of  the  line. 

(133)  First  3IefJiod.    Stretch  a  chain  from  the  pyen  point  P, 

to  some  point,  aa  A,  of  the  ^vcn  line.  Fix  to 
tho  ground  the  middle  point  B  of  the  chwn 
AP,  and  ewing  around  the  end  which  was  at 
or  at  A,  till  it  meets  the  given  line  in  u 
point  0,  which  will  bo  the  foot  of  the  re- 
q,uircd  perpendicular. 


(154)  Second  Method.  Taie  any  pmnt, 
aa  A,  on  the  given  lino.  Sfcaaure  a  dis- 
tance AB.  Lot  tlio  end  of  this  dbtance 
on.  llie  chain  bo  held  at  E,  and  swing  around 
the  end  of  tho  chain,  till  it  comes  in  the  ^  a 
lino  of  AP  at  some  pobt  C,  thus  malung  BC  =  AB. 


Measure 


AC  and  AP.    Then  the  distance  At),  from  A  to  the  foot  of  the 


pefpfrudicular  reC|uired  = 


APx  AC 


2  AB 
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(155)  ThirA  Mithod.  At  any  coayeniCQt 
point,  &3  A,  of  tlio  given  Iin«,  erect  a  perpen- 
dicular, of  [Lny  convenient  Icngtli,  32  AB,  and 
mark  a  point  C  on  the  given  Ike,  ia  tb«  lino 
of  P  aaa  B.  Measure  CA,  CB  ma  CP. 
Then  tlic  distance  fi-om  C  to  tke  ftiot  of  the 

CAxCP 


perpendicular,  i.  e.  CD 


Fig.  97. 


CB 


Problpm  G.  To  let  fall  a  perpendieular  to  a  line,  fntm 
tTiaeeessible  point. 


(136)  First  Method.    Let  P  be  the  giien  Fig.  38. 

point.  At  any  point  A,  on  the  ^ven  line,8et  out 
a  perpendicular  AB  of  any  convenicDt  lengtli. 
Prolong  it  on  tlie  ottor  side  of  the  line  (lie 
same  distance.  Mark  on  the  given  lino  a 
point  D  in  the  line  of  PB ;  and  a  point  E  in  "5"^ 
the  line  of  PC.  Mark  the  point  F  at  the  In- 
tcraectioQ  of  DC  ajid  BE  prolonged.  Tlie  line 
FP  is  the  line  required,  being  perpcudiculai 
to  the  given  line  at  the  point  G. 


(157)  Second  MetJiod.  Let  A  aai  B 
be  two  points  of  the  given  lino .  From  A 
let  fall  a  perpendicular,  AC,  to  the  visual 
line  BP ;  and  from  B  let  fall  a  perpendi- 
cular, BD,  to  tha  visual  line  AP.  Find 
the  point  jit  wliich  these  perpendicnlari 
intersect,  as  at  E  (see  Art,(133)),  and  the 
line  PE,  prolonged  to  F,  will  give  the 
perpendicular  required. 


F 


Problem  7.  To  let/all  a perpmidiciUar/ntm  a  ffivtnpoint  to 
on  aiaeefiiible  litte. 
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Fig.  IM. 


(US)  First  MeOiod.    Let  P  bo 
tJie  given  point  and  AB  the  given  A- 
line,    Hy  tlie  preceding  problem,  let 
faJl  perpendiculara  from  A  to  BP,  at 
C ;  and  from  B  to  AP,  at  D ;  tlio 
line  PE,  passing  fi-oin  the  given  point 
to  thfl  intersection  of  these  perpendiculars,  ia  the  desired  perpcndi' 
cular  to  the  inaccessille  line  AE. 

This  metiiod  mil  appl/  wlion  only  twi  pouita  of  tlie  line  ire 
virile. 

(159)  Secoiui  Mdltod.  Through  the  given  point,  set  out,  b_y 
the  methods  of  Art.  (165),  itc,  a  line  parallel  to  the  inaccessible 
line.  At  the  giren  point  erect  a  perpendicular  to  the  parallel  line, 
and  it  ivill  be  tlie  required  perpendicular  to  the  inaccessible  liQe. 


PROBLEMS  ON  PARALLELS. 

Problfin  I.  To  run  a  luie,  from  a  given  paint,  parallel  to  a 
given  Um. 

(IGO)  Firtt  Method.  Let  fall  a  perpendicular  from  the  poiat 
to  the  line.  At  onoth&r  point  of  the  line,  03  far  off  as  pos^bla, 
erect  a  perpendicular,  equal  in  length  to  tlie  one  jost  let  faU.  Tha 
line  joimng  the  end  Of  thia  Ene  to  the  gjven  point  ■^rill  l>c  the  paral- 
lel required. 

(181)  Second  M&thod.  LetABbc 
the  j^ven  line,  and  P  the  given  point,  a 
Take  my  point,  as  C,  on  thfl  given  line, 
and  frota  it  set  off  equal  distances,  as 
long  as  possible,  CD  on  the  giiven  line, 
and  CEj  on  the  lino  CP.  Meaauro 
DE.  From  P  set  off  PI*  =  CE ;  and  fpom  F,  with  a  distajicc  => 
DE,  and  from  P,  mth  a  distance  =  CD,  degeribo  arcs  intersoct- 
ing  in  G.  PG  will  bo  the  parallel  psqalred.  If  it  is  more  con- 
Tenient,  PC  may  be  prolonged,  and  the  equal  tiianglc,  CDE,  ho 
formed  on  the  otlier  side  of  the  line  AE. 
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(162)  Third  Metitod.  JIfiasure  from 
P  to  any  point,  as  C,  of  the  given  lino,  and  A' 
put  a  mark  at  tlio  middle  point,  D,  of  that 
line.  From  aaj  point,  03  E,  of  the  g^ren 
line,  iiifiamir«  a  line  to  tJic  point  D,  and  coo- 
tiaue  it  tall  DI?  =  DE.  Then  mU  the  liae 
PF  be  parallel  to  AB. 

(163)  FourtJi  Method.  Measure  from 
P  to  any  point  C,  of  tho  given  line,  and 
continue  the  measurement  till  CD  =  CP. 
From  D  measure  to  any  point  E  of  tte 
given  line,  and  continue  tlie  measurement  ^ 
dU  EF  =  ED.  Tlien  wOi  the  line  PF 
be  parallel  to  AB.  If  more  convement, 
CD  may  bo  mado  ono-half,  or  any  other  fraction,  of  CP,  and  EF 
be  then  made  tmce,  kc,  DE. 


D 


Ftg.  IfH. 
C 


\  / 
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(161)  FiftJi  Methd.  From  any 
point,  as  C,  of  line,  sct  oS  equal 
ili^tancea  along  tho  line,  to  D  and  E. 
Take  a  point  F,  in  tho  Ibe  of  PD. 
Stake  oat  the  lines  FC  and  FE,  and 
also  the  line  EP,  crcesing  tho  lino  CF 

in  the  point  0.  Lastly,  prolong  th*  line  DG,  till  it  meets  tha 
line  EP  in  the  point  H.    PII  is  the  parallel  required. 

Problem  2.  To  run  a  Un£  from  a  given  poitU  paralltl  to  an 
iaaccegaibte  line. 


im)  First  MetJiocl  Let  AB  Fis.i05. 
be  the  gircD  lino,  and  F  the  given 
point.  Set  a  State  at  C,  in  the  hno 
of  PA,  and  another  at  any  conven- 
ient point,  D.  Through  P,  set  out, 
by  the  preceding  problem,  a  parallel 
to  DA,  and  set  a  stake  at  the  point, 
u  E,  -n-here  this  pAmllcl  interaectd  DC  prolonged.    Through  B 
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B8t  out  a  pai-allel  to  BD,  and  set  a  state  at  the  point  F,  where  tliia 
pai-allel  iiitcreccta  CG  prolon^eiL    PF  is  tho  parallel  required 

(166)  Seaoml  Mdlwd.    Set  a  stako  ris.  loo. 

at  any  point,  C,  m  tbo  lino  of  AP,  and 
another  at  any  convenient  place,  as  at  D. 
Through  P  Bet  out  a  parallel!  to  AD, 
intersecting  CD  in  E.  Through  E  set 
out  a  parallel  to  DB,  interaecting  CB  in 
F.  The  line  PF  mil  be  the  paraUel  re- 
quired. 

<IS7)  Allncmcnt  and  IHcasnreinciit.    We  are  now  prepared, 

having  secured  a  variety  of  methods  for  setting  out  Perpendiculars 
aud  Paralleta  In  every  prohahle  case,  to  take  up  the  general  sub- 
ject of  overcoming  Obstacles  to  Mcaaurcmeat. 

Before  a  line  can  ho  measured,  its  direction  must  he  determined. 
This  operation  is  cEilled  Ranr^ing  tlie  line ;  or  Alining  It ;  or 
Boning  it."  Tho  word  AUnemeut\  will  bo  found  Tcry  convenient 
for  expressing  the  direction  of  a  line  on  the  graand,  whether 
between  two  points,  or  in  their  direction  prolonged. 

Tliia  hninch  of  our  suhjcct  naturally  divides  itself  into  two  parts, 
ihe  firafc  of  which  la  preliminary  to  the  second  ;  viz : 

h  or  Obstacles  to  .illnemcDt ;  or  how  to  est(^iiah  His  diree- 
tion  of  a  line  in  any  situaiion. 

II.  Of  Obstacles  ti>  niFasnrement;  or  how  to  Jind  the  length  t^f 
a  line  -which  cannot  he  actually  measured. 

I.  OBSTACLES  TO  ALINEMENT. 

(168)  All  the  cases  which  can  occur  under  this  head,  may  bu 
reduced  to  two ;  viz: 

A.  To  find  poiuta  in  a  line  beyond  the  given  points,  L  c.  ta 
fTolong  tlio  line. 

.  B.  To  find  polnta  in  a  line  bettccen,  two  given  points  of  it,  i.  e> 
u  interpolate  points  in  the  line. 

*  Tliia  wnril,  like  mnny  olliers  iiiecl  in  E  n^ineeriiifr,  ii  iierivi.il  froio  a  French 
wuni,  Bemee,  \a  mrti'k  itiit,  -if  liinit ;  iudicntiiig  ihiit  tbo  Ni>niiaiii  iatroduceit  thi 
»(1  nf  HLirvej-ing  inia  England. 

I  Sli^liily  modified  frum  ilio  Freftch  AUgntwitut- 
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A.  TO  PROLOXCi  1  U.\E 

(169)  By  rangiDg  vltti  rods.  When  two  points  ia  &line  an 
given,  and  it  is  desired  to 
prolong  tie  line  "by  ranging  . 
it  out  iritli  roJd,  tlireo  per- 
eons  are  required,  each  fumiabed  mth  a  Btraigit  fllender  rod,  and 
■ffith  a,  pliraib-line,  or  other  aeana  of  keeping  their  rods  vertical. 
One  holds  his  rod  at  oad  of  the  gireo  points,  A,  iu  tho  figure,  imd 
wothcr  ot  B.  A  thii-d,  C,  goes  forward  as  far  as  be  can  without 
losing  eight  of  the  firat  two  rods,  and  then,  looldng  back,  puts  him- 
self ""in  line"  ^itb  A  aad  B,  i.  t,  eo  that  when  hia  eye  is  placed 
at  C,  the  rod  at  B  IdJea  or  covera  the  rod  at  A.  This  he  can  do 
most  accurately  by  holding  a  pluaib-line  before  his  eye,  so  that  it 
ahall  cover  the  first  two  rods.  The  lower  end  of  the  p-Iumb-bob 
■will  tlien  indicate  tho  point  wLero  the  third  rod  should  bo  placed  ; 
and  ao  -with  the  rest.  Thei  first  man,  at  A,  h  then  signalled,  and 
coiac3  forward,  passes  both  the  Othera,  and  puts  himself  at  D,  "  in 
line"'  withCandE,  The  man  at  thou  goes  on  to  E,  aud  "liuea" 
him^lf  with  D  and  C  ;  and  so  they  proceed,  in  tlii^  "  baud  over 
haad"  operation,  as  for  as  i^  dcsured.    Stakes  ore  driven  at  each 

ini  ill  tlie  line,  as  sooa  as  it  is  dGtcrmincd. 

(170)  Tbc  rods  should  be  tierfectly  straight,  cither  cylmdiical  or 
^lygonal,  and  as  aloadcr  as  tbcj  can  be  M-ithout  bending.  They 

ould  be  painted  in  alternate  bauda  of  rcd  and  white,  each  a  foot, 
liidc,  in  length.  Their  lower  finds  should  be  pointed  Trith  iron, 
&ad  a  projecting  bolt  of  iron  will  enable  tketn  to  be  pressed  Aovm. 
by  tlie  foot  mto  tho  eartlif  so  that  they  can  stand  alone.  When 
this  is  done,  one  man  can  range  Out  a  line.  A  rod  can  be  set  pei^ 
feclly  verlical,  by  holding  a  plumb-line  before  tho  eye  at  some  dis- 
tance from  the  rod,  and  adjusting  tie  rCi'I  so  tliat  the  plumb-line 
covers  it  from  top  to  bottom ;  and  then  repeating  the  operation  in  , 
&  direction  at  right  angles  to  tho  former.  A  stone  dropped  from 
top  to  bcttom  of  the  rods  will  approximately  attain  the  same  end. 
When  the  lines  to  be  ranged  ara  long,  and  great  accuracy  is  rft 
aired,  the  rods  may  hare  attached  to  thotu  plates  of  (in  with  oper 
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m£3  cut  out  of  them^  anl  black  horse-liaira  stretcLed  from  ^'g-ifS 
top  to  bottom  of  the  openings.    A  amaU  telc3C0]io  must  xj" 
tica  be  used  for  ranging  these  liaira  in  line.    In  a  hastj 
Burvey,  straight  twigs,  with  their  tops  split  to  recelfe  a  par 
per  folded  aa  in  tbo  figure,  maj  be  used. 


Fill.  ]oo. 


(171)  By  pcrpcDdtcnlirSi 

The  straight  line,  All  In  the  ~ 

figure,  is  euppoaeJ  to  be  stop-      c  D      K  f 

ped  by  a  tree,  a  house,  or  other  obstacle,  and  it  is  dcalred  to  pro- 
long tho  line  beyond  this  obstacle.  From  any  two  points,  as  A 
and  B,  of  tho  line,  set  off  (by  some  of  the  methods  which  have  been 
given)  equal  perpendiculars,  AC  and  BD,  long  enongh  to  pass  the 
obstacle.  Prolong  tills  Ime  bejoud  the  obstacle,  and  Irom  any  two 
poinU  in  it,  as  E  and  F,  measure  the  perpendiculars  EG-  and 
FH,  eauaJ  to  the  fii-st  two,  but  in  a,  contrary  direction.  Then 
ivin  G  and  H  be  two  points  in  the  line  AB  prolonged,  which  can 
be  coatinuod  by  the  method  of  tho  last  article.  The  poials  A 
aad  B  should  be  taken  aa  far  apart  as  posable,  aa  should  also 
the  pomta  E  ajid  F.  Three  or  more  perpendiculars,  on  each 
lide  of  the  obstacle,  may  be  set  off",  in  order  to  increase  the  accu- 
racy of  tho  operation.  The  same  thing  may  also  be  done  on  ths 
other  aide  of  the  line,  as  another  confirmation,  or  teat,  of  the  acc* 
racy  of  the  prolonged  line. 

<I73>  By  equilateral  triangles. 

The  ohaiacles,  noticed  in  tlie  last  arti- 
ck,  raay  also  be  overcome  by  means  of 
three  equilateral  triangles,  formed  by 
the  cham.  Fbt  one  end  of  the  ehaln, 
and  also  tho  end  of  the  first  link  from 
its  otlier  end,  at  B ;  fix  the  end  of  tho 
88d  lint  at  A ;  tako  hold  of  tho  GCth 
link,  and  draw  the  cliain  tight,  pulling  equally  on  eacli  part,  ancl 
put  n  ];in  at  the  point  thus  found,  C,  in  th«  figure.  An  ecjuilatera] 
triangle  will  thuj  bo  foiToed,  each  aid&  being  S3  links,  Prolong 
the  Ime  AC,  past  the  obstacle,  to  -soine  point,  S9  D-   Hake  -wiother 
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<{j;Lulatcral  triangle^  DEF,  ae  beforcj  and  thus  fix  tlic  point  F.  Pro* 
long  DF,  to  &  len^  equal  to  that  of  AD,  and  thus  Sx  a  point  G. 
At  G  form  a  third  equilateral  tiiangle  GHK,  and  thus  fix  a  point 
K.    Then  will  KG  give  tlie  directioa  of  AB  prolonged* 


Let  AB  Lo  the  Une  to  be 


fig.  111. 


(173)  By  symmetrical  triaagles. 
prolonged.  Take  anj  conv*- 
nient  point,  da  C.  B&agL  A 
out  the  line  AC^  to  a  point 
sach  that  CA'=CA. 
out  CB,  30  that  CB' 
GB.  Range  backwards 
"B',  to  some  point  such 
that  DC  prolonged  vrlU  pass 

tho  obstacle.  Find,  bj  ranging,  the  intersection,  nt  E,  of  DB  and 
C.  Frwm  C,  measure,  on  CA',  the  distance  CE'—  CE.  Then 
range  out  DC  and  B'E'  to  their  intersection  in  P,  irhich  will  bo  a 
re(|uired  poml  in  tho  direction  of  AB  prolonged.  The  Bjrmmetn- 
cal  points  are  marked  liy  corresponding  letters.  Several  other 
pomts  should  be  obtained  in  the  aame  manner. 

In  IhLi,  33  in  all  similar  operations,  rery  acute  mteraeotiona 
ahould  be  avoided  as  far  as  possible. 


^  (171)  By  transT«rsal8,  LetiVBho 
the  given  line.    Take  my  tiro  points  C 

jj^Bod  D,  such  that  tho  line  CD  irill  pass 
the  obstacle.  Take  another  point,  E, 
in  the  intei-section  of  CA  and  DB. 
Measure  AB,  AC,  CD,  BD  and  BE. 
Then  the  distance  from  D  to  P,  a  point 

_kn  the  required  prolongation,  ifill  be 

■Lp^  CDxBDxAE 


Fig.m. 


BExAC— BDxAE 
Other  points  in  the  prolongatim  nmy 
be  obtained  in  tho  same  roanncr,  by 
nWKl^  moving  the^gle  point  C,  in  the 
line  of  EA ;  In  ivhich  case  the  nevr  distances 
ilo&e  rec^iure  to  be  measured. 


t08 
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CDxBD 

If  AE  be  made  equal  to  AC,  Uicn  ia  DP  =        jjjj  • 

^„  CDxAE 
If  BE  be  made  equal  to  BD,  then  u  DP  =  ^\t;_AK. ' 

Tlio  mlniig  sign  in  the  denocmLatora  biust  Lo  underatCKicE  BA  only 
moaamg  tlmt  the  difference  of  the  £ito  terms  ia  to  be  taken,  witiiOiat 
regard  to  which  is  the  greater. 

(,175)  By  barmonlc  conjugates.  t  >,-  iis. 

Let  AB  bo  tl(c  ^ycQ  line.    Set  a  B'^^'^^*  P 

atako  at  aajpoint  C.  Set  stakes  at  'r-T:!;;  ^l^^^^-;/ 
points,  D,  on       line  CA,  and  at         ""--^^^Y  1%^''/ 
E.  on  tlie  line  CB ;  these  points,  /'y^'h  / 

D  and  E,  being  bo  cLosca  that  the  '  I  ''^ 

line  DE  iriU  pass  Lejoud  the  obsta-  esl^ 
cle.    Set  a  fourth  stake,  F,  at  liie  \.  j)^ 

interacction  of  the  hnea  AE  and  '^V.j 
DB.    Set  a  fifth  stake,  G,  any-  c 
wKera  in  the  line  CF  ;  a  sLsth  state,  IT,  at  the  jnteraection  of  CB 
and  DG  prolonged;  and  a  serenth,  K,  at  the  intersection  of  CA 
and  EG"  prolonged.    Finally,  rann;o  out  the  lines  DE  and  KH, 
and  their  in'tersoctlon  at  P,  will  1)9  in  the  line  AB  prolonged. 

(176)  lEy  Ihc  csmplete  quadrilateral.'  Let  AB  be  the  given 
line.    Take  any  convcn  rig.  ]  u 

lent  point  C;    meaaaro  F  _  __C_.    G 

From  it  to  B,  and  onvrard,    ^s>.j\.  r  Jt^  --'^^ 

in  the  Bamo  line  prolong-  ^^^^^^^^^^^^^^^^IT^ 

od,  an  equal  d^tance  to  D.  ^^t^e/^^'''^ 

Take  any  otker  convenient  tfvj^ 

point,  B,  such  that  CE  and  ^ 

DE  produced  will  clear  the  otstacle.    Meaauro  from  E  to  A,  and 

onward,  an  equal  distance,  to        Range  out  the  lines  FC  and  DE 

to  their  intcraocHon  in  G.   Range  out  FD  and  CE  to  inter- 

sect  in  n.    Measure  GH.    Its  middle  point,  P,  ia  the  required 

point  in  the  lino  of  AB  prolengcd.   The  unavoidable  acute  intcp 

■actions  in  this  construction  are  otjectiouable. 
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(177)  The  most  distant  ^ven  fcliit  of  the  Bno  must  be  madfl 
'  as  conspicuous  as  possible,  by  any  efficient  means,  sucli  as  placing 
ihere  a  BtoS*,  bearing  a  flag ;  red  and  "whiite,  if  Been  against 
woods,  or  other  dark  back-ground ;  and  red  and  green,  if  aoen 
ig&inst  Uie  eky- 

A  couTemeot  and  portable  signal  is  shown  in  the  figure. 

^xhe  fiffure 


e  figure  represents  a  disc  of  tin,  about  six  inches  in  diameter, 
painted  white  and  hinged  in  the  middle,  to  make  it  more  portable. 
It  19  kept  open  by  the  bar,  B,  being  turned  into  the  catch,  C. 
screw,  S,  holds  the  disc  in  a  slit  in  the  top  of  th&  pole. 
Another  contrivance  La  a  atrip  of  tin,  which  has  ita  ends  bent 
horizontally  in  contrary  dircctiona.  Aa  the  wind  will  take  strong 
eat  hold  of  the  side  which  h  concave  towania  it,  the  bent  strip  will 
conthiually  revolve,  and  thus  be  very  conspicuous.  Its  upper  half 
should  be  painted  red  and  its  lower  half  white. 

A  bright  tin  cone  set  on  the  staff,  can  be  seen  at  a  great  distance 
^vhen  the  sun  La  shining. 

178)  Ran^ng  to  a  point,  thus  made  conspicnous,  is  very  eim- 
ple  when  the  ground  a  level.  The  surveyor  placea  his  eye  at  ths 
jjj^iwarest  end  of  the  line,  or  staada  a  little  hebind  a  rod  placed  on  it| 
kod  hy  fflgns  moves  an  assistant,  holding  a  rod  at  Bcme  point  aa 
nearly  in  the  desired  lino  06  he  can  gueaa,  to  t!ic  right  ar  left,  till 
bis  rod  appears  to  cover  the  distant  poiat 
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(179)  Across  a  ralley^    Wlien  a  valley,  or  low  spot,  inter 

vciie3betTveeiitlictw*t3nd3  fi^,  tic. 

of  t^e  line,  A  ajid  Z  in  thd 
figure,  a  rod  held  in  tiio 
low  place,  a,3  at  B,  would 
eeldom  be  Ligli  enough  to 
ba  seen,  from  A,  to  cover 
the  dktsvat  rod  at  Z.  la 
such  a  case,  the  surveyor  at  A  should  b:ld  up  &  pluiab-liii«  Over 
tlie  point,  at  atm'a  length,  and  place  tiis  cyc  Go  that  the  plumlK-liua 
covers  the  rod  at  Z.  IIo  should  then  direct  the  rod  held  at  B  to 
be  moved  till  it  too  ia  covered  by  Ulo  plmnb-linc.  Iho  point  B  is 
then  said  to  ho  "  in  lino"  between  A  and  Z.  In  geometrical  lan- 
guage, B  has  now  beca  placed  la  tho  vortical  plaao  detonnincd  by 
tlio  vertical  plumb-line  and  the  pouit  Z.  Any  number  of  iatorme- 
diato  iraints  can  thoa  be  ^'  interpolated,"  or  placed  in  line  between 
A  and  Z. 

(180)  Over  a  hllh  When  a  hill  nsca  between  two  pointa  and 
preventa  one  being  seen  from  tho  other,  as  in  the  figure,  (tho  upper 

Fig.  117. 
Bl—  IC 


of  which,  ahowft  the  hill  in  "  Elevation,"  and  the  lower  part  in 
Plan'*),  two  observera,  B  and  C,  each  holding  a  rod,  may  place 
themselvea  on  tho  ridge,  in  tho  lino  between  tho  two  points,  as 
nearly  as.  they  can  guesa,  and  bo  that  each  coji  at  once  see  tlie  other 
and  the  point  beyond  hinr.    B  looks  to  Z,  nud  by  aignald  puts  C 
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"in  line."  C  then  looks  to  A,  and  piita  B  in  line  at  B'.  B  ro- 
peats  his  operation  from  B',  putting  C  at  C,  and  is  then  liiawelf 
moved  to  B",  and  so  ihty  aJteraatcl/  "  Ime"  each  other,  continu- 
ally approriratitiag  to  the  sti-aight  line  between  A  and  Z,  till  thej 
at  last  find  thcmselm  both  exactly  in  it^  at  B'"  and  C"'. 

(181)  A  mnglo  person  may  put  liimfielf  ia  liae  between  two 
points,  on  the  samfl  principle,  by  laying  a  straight  stick  on  aome 
support,  going  to  each  end  of  it  in  turo,  and  making  tt  pOuit  saC- 
oea^vely  to  each  end  of  the  lino.  TEiJ  "  Survoyor'a  Cross,"  Art. 
(101),  ia  conrenieat  for  thia  purpose,  when  set  up  between  the  two 
^ven  points,  and  moved  again  and  again,  until,  by  repeated  trials, 
one  of  itA  alita  sights  to  the  given  points  nlien  looked  througli.  in 
either  direction. 


Fig.  118. 
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(18?)  On  water.  A  simple  tnatra-- 
meat  for  tlie^  same  object,  ia  represented 
b  the  figure.  AB  and  CD  are  two 
tubea,  about  1^  inelies  ia  dilamctei',  con- 
nected by  a  emallcr  tube  EF.  A  piece 
of  looking-glass,  GH,  is  placed  in  the 
lower  part  of  the  tube  AB,  and  another, 
KL,  in  the  tube  CD.  The  planes  of 
tKe  two  nurrors  are  at  right  angles  to 
each  othe  r .  The  eye  is  placed  at  A ,  and 
tha  tube  AB  is  directed  to  any  distant 
object,  as  X,  and  any  other  object  be- 
hind ihe  obserrer,  aa  Z,wQl  be  seen,  ap- 
parently under  the  first  object  in  the  mirror  GH,ljy  reflection  from 
the  mirror  KL,  when  the  observer  haa  succeeded  in  getting  in  lino 
between  the  two  objects.  M,  N,  are  screws  by  irhlch  the  mirror 
KL  may  be  adjnated.  The  distance  between  the  two  tubes  will 
eaoso  a  small  parallax,  which  wiU,  however,  be  inseoaiblo  except 
th«  two  objects  are  near  together. 


iia 
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(I8S)  Tbroug'h  a  wood.  Wiea  a  wood  intervciieB  between 
any  two  ^vea  Fig.  iia. 

pomta,  pr&- 

venting     one  g 
from  being 
Bcen  from  the 

other,  na  in  the  figure,  in  -which  A  and  Z  are  tLs  given  pointe,  pro- 
ceed thus.  Hold  a  rod  at  Eomo  point  B'  as  nearly  ia  the  dosirod 
line  from  A  as  can  be  guessed  at,  and  aa  far  from  A  aa  possible. 
To  approximate  to  the  proper  direction,  an  assistant  may  be  sent  to 
the  other  end  of  tlie  line;  and  bis  sboats  ivill  indicate  the  direction ; 
or  a  gim  may  be  fired  there ;  or,  if  very  distant,  a  rocket  may  be 
sent  up  after  dark.  Then  range  out  the  '*  random  line ' '  AB',  Ly 
the  method  given  in  Art.  (169),  noting  also  the  distince  from  A 
to  each  point  fonnd,  till  yoa  arrive  at  a  poini  Z',  opposite  to  the 
point  Z,  1,  e.  at  that  point  of  the  line  from  which  a  perpendicular 
t3icre  erected  would  strike  the  point  Z.  Measure  Z'Z.  Tlien 
move  each  of  the  atakes,  perpendicularly  from  the  lino  AZ',  a  dis- 
tance proportional  to  their  distancea  from  A.  Thus,  if  AZ'  be 
1000  links,  and  he  10  links^  then  a  stake  B',  200  links  from 
A,  should  be  moved  2  lints  to  a  point  B,  which  will  be  in  the  de^ 
Bired  straight  line  AZ;  if  be  400  links  from  A,  it  should  he 
moved  4  links  to  C,  and  so  ■with  the  rest.  The  line  should  then 
be  cleared,  and  the  accuracy  of  the  position,  of  these  stakea  tested 
by  ranging  from  A  to  Z. 

(181)  To  an  invhlble  fDlcrscctioa.   Let  AB  and  CD  be  tvo 

lines,  ivhlcli,  if  prolong- 
ed, would  meet  in  a 
point  Z,  invisible  from 
either  of  them ;  and  let 
P  be  a  point,  from  whicli 
a  line  ia  required  to  bo 
set  out,  tending  t}  this 
invfeible  interaection.  (f 
Set  fifakea  at  the  five  given  pomts,  A^  B,  C,  D,  P.  Set  a  fliitll 
stake  at  E,  in  Uie  alinementa  of  AD  and  CP ;  and  a  seventh  stake 
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at  F,  ia  the  allocmGnta  of  EC  and  AP.  Tlien  set  an  eighth  staks 
at  in  the  alinements  of  EE  and  DF.  PG-  will  be  the  reqoireij 
line. 

Otherwise ;  Through  P  range  oat  a  parallel  to  the  line  BD. 
Kote  the  pointa  whero  this  parallel  meeta  AIB  and  CD,  and  c&II 
these  points  Q  and  It.  Then  the  distance  from  B,on  the  line  ED, 
to  a  point  which  shall  be  in  the  required  line  running  from  P  to  tba 

-    ■  11      •  .    ■„  V  BDxQP 
mviaiolo  pouit,  wiU  be  =  —  

tl.  OBSTACLES  TO  MEASUREMENT. 

(185)  Tho  cases,  in  wliicii  tho  direct  mOMurCmeDt  of  a  lino  ia 
prevented  \tj  yarioua  olistaclea,  may  bo  reduced  to  three. 

A.  When  hoUi  endi  of  the  tine  are  accetatble. 

B.  When  one  end  of  it  i»  vutcmiUle. 
O.  When  both  ends  of  it  ato  inacccuibh. 

i.  WBE\  BOTH  E.\DS  OF  TUE  LViE  ARE  AfCESSIBLE. 

(186)  By  tHTpendiciilars.  On  f'"d-  J^;". 
reaching  the  obstacle,  as  at  A  in  A  ^Ijaft  t) 
the  figure,  set  off  a  perpendiculw, 
AB ;  turn  a  second  right  angle  at  B,  b 
and  meiisuro  past  the  obstacle  ;  turn  a  third  right  angle  at  C ;  aai 
measure  to  the  original  Imo  at  D-  Then  vnH  the  measured  dis- 
tance, BC,  be  equal  to  tho  dtared  distance,  AD. 

If  the  direction  of  tlie  line  ]a  also  uninown,  it  wHl  be  moat  ca^y 
obt^ed  by  tho  additional  perpondiculars  shown  in  fig.  109,  of 
Art.  (ni). 

(1S7)  By  eqallalcral  triangles. 

Tha  method  given  in  Art.  (132),  for 
determining  the  direction  of  a  lino 
through  an  obstacle,  will  also  give  ita 
length ;  for  in  Fi^.  1-21'  (Tij  110  r^ 
peated)  tho  desired  dietrmce  AGis  equal 
to  tJie  measured  distances  AD,  or  DG. 


Fig.  199 


(188)  By  symmetrical  trUnglcs. 

Let  AB  lie  Ujo  distance  required- 
Measure  from  A  obliquely  to  80m6 
point  C,  paat  tko  obstacle.  Mest- 
BUTQ  onward,  in  the  same  line,  till 
CD  is  as  long  £La  AC.  Place  atsikea 
at  C  and  P.  From  B  measure  to 
C,  and  from  C  measuro  OEward,  in 
tho  same  line,  till  CE  is  equal  to  CB,  Measure  ED,  and  it  irill 
be  equal  to  AB,  the  distance  required.  If  more  conyenientt  make 
CD  and  CE  equal,  reapectivcly,  to  half  of  AC  and  CB ;  then  will 
AB  bo  equal  to  twico  DE. 


fis.  123. 


(189)  By  IranSTcrsals.  Lot 

AB  be  the  required  distance.  Set 
a  stalic,  C,  in  the  line  prolonged; 
set  another  sto-ke,  D,  so  that  C  and 
B  can  bo  seea  fi-oa  it ;  imd  &  third 
stake,  E,  in  the  lino  of  BD  pro- 
longed, and  at  a  distance  from  D 
et^ual  to  the  diatance  from  D  to 
Set  a  fourth  stake,  F,  at  the  intersection  of  EA  and  CD. 

AO 

AC,  AFandFE.    Tlion  ia  AB  =  ^  (FE— AF). 

 Tig.  ISl 

(190)  In  a  Town.  Cases  maj  occur, 
in  tho  streets  of  a  compactly  built  town, 
in  Trhieli  it  is  impossible  to  measuro  along 
any  other  linea  thim  those  of  the  streets. 
The  figure  ropresenta  such  a  case,  in 
which  13  required  the  diatance,  AB,  le- 
tween  points  situated  on  two  Btroets  which 
meet  at  the  point  C,  and  hetween  which 
runa  a  cross-atrect,  DE.  In  this  case 
measure  AC,  CE,  CD,  DE  and  CB. 
Then  is  tho  re([uired  distance 


Measun 


CHAP.  T,] 


Obstacfes  to  ITeasaremeoti 


IIS 


AB  -  ^|CAC  -BC)=  +  [dE'-CCE-CD)']!^^! 

As  this  exprc33ioii  ia  somewhat  complicated,  an  ejatople  will  bO 
given :  Let  AC  =  100,  CE  =  40,  CD  =  30.  DE  =  21,  and  CB 
=  SO ;  then  will  AB  =  51.7. 


B.    WnE\  0\E  E\D  or  TUE  LI\E  19  INACCESSIBLE. 


(191)  By  perpendiculars.  This  principle 
nxAy  be  applied  in  a  variety  of  ways.  In  Eig. 
125,  let  AB  be  the  required  distance.  At  tlia 
point  A,  8ct  off  AC,  perpendicular  to  AB,  and  of 
any  convenient  IcDgth.  At  C,  set  off  a  perpen- 
dicular to  CB,  and  continue  it  to  a  point,  D,  in 
the  line  of  A  and  E.    Measure  DA.    Then  is 


Fig.  125. 


(192)  Olfuru'ite:  At  the  point  A,  in  Fig. 
126,  set  off  a  perpendicular,  AC.  At  C  set 
off  another  perpendicular,  CD.  Find  a  point, 
E,  in  the  line  of  AC,  and  ED.    M^aaur©  AE 

and  EG.    Then  is  AB  =  ^ 

If  EC  be  made  equal  to  AE,  and  D  be  eel 
in  the  line  of  BE,  and  also  in  tho  perpendicular 
from  C,  then  will  CD  be  equal  to  AE. 

If  EC  =  ^  AE,  then  CD  =  ^  AB. 


Fig,  m 


(I9S)  OiherwiM:  At  A,  in  Kg.  127,  moa- 
Buro  a  perpendicular,  AC,  to  the  line  AB ;  and 
at  any  point,  as  D,  in  this  line^  set  off  a  perpen- 
dicular to  DB,  and  continue  it  to  a  point  E,  la 
the  line  of  CB.  Measure  DE  and  al»  DA. 
AC  X  AD 


Then  is  AB  = 


DE  — AC* 
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(194)  By  parallel!^.  From  A  meaaure 
AC,  in  anj  conTenienfc  direction.  From  n. 
point  D,  in  tlie  line  of  BC,  mcaBure  a  line 
parallel  to  CA^  to  a  point  E,  in  tho  line  of 
AB.    Measure  also  AE. 

AC  X  AE 


Fig.  128. 


Then  is  AB  = 


DE  — AO' 


Fig,  m 


(195)  By  a  parallrlo^ram.    Set  a  stake,  C, 

in  the  line  of  A  and  B,  anil  set  another  stakOtD, 
wherever  convenient.  With  a  cUatanco  ecjiial  to 
CD,  describe  from  A,  an  arc  on  the  ground  ;  and, 
with  a  distance  equal  to  AC^  describe  another 
a-rc  from  D,  intersecting  the  first  arc  in  E.  Or,  [ 
take  AC  and  CD,  ao  that  together  they  make  1 
one  cham  ;  fix  tho  enda  of  the  chain  at  A  and  D ;  d 
take  lio-ld  of  the  chain  at  such  a  link,  that  one  part  of  it  OfjualB  AC, 
and  the  other  CD,  and  draw  it  tight  to  £jc  the  point  E.  Set  j> 
stake  at  F,  Li  the  iuteraection  of  AE  and  DB.    Measure  AF  and 


EP.    Then  is  AB  = 


AC  X  AF, 


or,  CB  = 


AC  X  CD 


/c 


(19«)  By  symmetrical  irlangles.       '     Fig.  m 
Let  AB  be  the  required  distance.  From 
A  measure  a  line,  in  any  convenient  di- 
rection, OS  AC,  and  measure  onward,  in   

tho  same  direction,  till  CD  =  AC.  Take  '^''^^  / 
any  point  E  in  the  Ime  of  A  and  B. 
Measure  from  E  to  C,  and  onward  in  the 
same  Ime,  till  CF=  CE.  Then  find  by 
tnal  a  pomt  G,  which  shall  be  at  the 
lame  time  in  the  line  of  C  and  B,  and  in  ' 
the  lino  of  D  and  F.  Measure  the  distance  from  G  to  D,  and  it 
will  be  equal  to  the  required  distance  from  A  to  B.  If  more  con- 
venient, make  CD  =  ^AC,  and  CP  =  |  CEj  aa  shown  by  tha 
finely  dotted  lines  in  the  figure.    Then  will  DG  =  |  AB. 


MAP.  T.] 


Obstacles  to  illeasnrfimcnt, 
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(197)  Otherwise:  Prolong  B  A  to 
BOJne  point  C.  Range  out  any  ccm- 
veuient  line  CA',  and  measuro  CA'  = 
CA.  The  triangle  CA'B,  is  now  to  ba 
reproduced  ia  a  symmetrioal  triangle, 
ffltuatcd  on  tlio  aoceasible  gi-ound. 
Fortius  object,  take,  on  AC,  some  point 
D,  aad  mcasiiro  CD'  =  CD.  Find  tho 
point  E,  at  tho  intersection  of  AD'  and  AT).  Find  the  point  F, 
at  thS  jnteracction  of  A'B  and  CE.  Lastly,  find  tho  poiiit  B',  at 
tho  hitCTsecUon  of  AF  and  CA'.  Then  will  A'B'  =  AB.  The 
Bjmnietrical  points  have  corresponding  lettftra  affised  to  tliem. 

(198)  By  IraiLSTcrsals.  Set  a  strike,  C,  ^'S- 13^. 
in  tho  alinemcnt  of  BA ;  a  eccond,  at  any 
convenient  point ;  a  third,  E,  in  tho  line  CD ; 
and  a  fourth,  F,  at  tho  intersection  of  the 
aUnements  of  DA  and  EB.  Meassire  AC, 
CE,  ED,  DF  iind  FA.  Tlien  ia 
■  J,  _     AQ  X  AF  X  DE 

CE  X  DF  —  Ai?  X  l)^' 
If  the  point  E  he  taken  in  the  middle  of  CD,  (as  it  ia 
AC  X  AF 


i*ure)  then  AB  — 


Itf  —  AF 


If  the  point  F  bo  taken  in  the  middk  of  AD,  theo  AB  -  = 


ACx  DE 
CE— DE' 


The  Tntnus  sigiis  must  he  interpreted  aa  in  Art.  (Ki). 


(199)  By  UarBKHiic  dirision.  Set 
stakes,  C  and  D,  on  encli  side  of  A,  and 
80  tiiat  the  tliree  are  in  tie  same  straight 
£ne.  Set  a  third  stake  at  any  point,  E, 
of  the  line  AB.  Set  a  fourth,  F,  at  the 
intersection  of  CB  and  DE ;  and  a  fifth, 
0,  &t  the  LntcTsectioa  of  DB  and  CE 
Set  a  skth  stake,  H,  at  the  iatcrscction  ^ 

ofABandFG.  Measure  A  E  and  EU.  Then33AB  = 


AE  X  AH 
AK  —  EH- 
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(SOO)  To  an  Inaccessible  line.  Tho 

sliortcat  tliataocL^,  CU,iVom  a  given  pointj  ^ 
C,  to  on  inaccessible  Etraigbb  Ime  AE,  ii 
required.   From  C  let  fall  a"pcrpeDdiculttr 
to  AB,  by  the  mcttiod  of  Art.  (I58>. 
Then  act  a  stalce  at  any  point,  E,  on  the 
line  AC;  set  a  second,  F,  at  tho  inter- 
section of  EB  and  CD;  a  third,  G,  at  r 
the  intersection  of  AF  and  CB  ;  a,iid  a  fuui'th,  H,  at  tho  iaterwo- 
tion  of  EG  and  CD.    Measure  CII  and  IIF.    Then  is 

OtJient'ise ;  ^Yhen  tho  inaccessible  line  i3  determined  by  tlie 
method  of  Art.  (205)  or  the  distance  from  any  point  to  it* 

caa  be  at  once  measured  to  its  aymmetrical  i-cpreacntative. 

(^Ol)  To  an  lnaccesai1)Ie  Intersection.  When  two  lines  (u 
AK,  CD,  in  tho  figure)  meet  in  a  Fig- 135. 

river,  a  building,  or  any  other  ^ 

inaccesaiblfl  point,  the  distance  (j 

from  any  point  of  either  to  their  ^ 
intersection,  DE,  for  example, 
raay  be  found  thus.    From  any 
point  B,  on  one  line,  measure  K_  ^ 

BD,  and  continue  it,  till  DF  =  DB.    From  any  other  pomt, 
of  the  former  line,  measure  GD,  and  continue  tho  line  till  DHsas  GD. 
Continue  IIF  to  moot  DC  in  eomo  point  K.    Measure  KD.  KD 
will  be  equal  to  the  desired  distance  DE. 

BE  can  be  found  by  meaguiing  FK,  which  is  equal  to  it. 

If  DF  and  DII,  bo  made  respectively  equal  to  ono-half,  or  one- 
tturd,  &:c.,  of  DB  and  DG,  then  will  KD  and  KF  be  respectively 
ei^ual  to  one-lialf  or  onc-tLird,  &c.,  of  DE  and  BE. 


CBAP.  v.]  Obstacles  to  Mfasnrement. 


C.  WHE\  L&ril  C\DS  OF  THE  L»£  ARE  INACCESSIBLE, 

(202)  By  similar  triangles.  Let  AB  Fi^.  uc. 
be  tlic  imccesslblo  distance.  Set  a  stoke  at 
oDj  conyenient  point  C,  and  End  tLe  distan- 
ces CA  and  CB,  hj  any  of  the  methods  just 
given.  Set  a  second  stake  at  any  point,  D, 
on  the  line  CA.    Measure  &  distance,  equal 

to  from  C,  on  the  line  CB,  to  some  point  E. 

AC  X  DE 


DE. 


.CA 
Then  is  AB  = 


CD 


fie.  137. 


If  more  convenient,  measoro  CD  In  tli«  A 
contrary  direction  from  the  river,  aa  in  Fig. 
137,  Instead  of  towards  it,  and  in  other  re- 
spects procGod  as  before. 


—  J! 


(20$)  By  parallPls.  Let  AB  be  the  in- 
accessible distancu.  From  any  point,  a^  C, 
range  oat  a  parallel  tOiUJ,  as  in^^Vrt.  (1633, 
kc.  Find  the  distance  CA,  by  Art.  (191), 
&c.  Set  a  stake  at  the  point  E,  tho  inter- 
eeotion  of  CA  aad  DB,  and  measure  CE. 
CD  X  (AC  — CE) 


Tlienia  AB  = 


CE 


(201)  Bf  a  parallelogram.    Bet  Tig.  I39. 

a  Btake  at  any  convcment  point  C.  ^ 
Set  stakes  D  and  £,  anywLero  in 
the  alinemcnta  CA  and  CB.  With 
D  as  a  centre^,  and  a  length  of  the 
chain  equal  to  CE,  describe  an  arc  ; 
uai  -nith  E  aa  a  centre,  and  a  length 
of  the  chain  e<iaal  to  CD,  describe  aaotlter  arc,  iaterseoting  fht 
fomer  one  at  F.  A  parallelogram,  CDEF,  will  thus  be  formed. 
Set  etakcs  at  G  and  II,  ivhere  the  alinemcntfl  DB  and  EA  iiite> 
sect  the  sides  of  this  parallelogram.   Jleasure  CD,  DF,  GF,  FH, 
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and  HG.    TLe  inaccessible  distance  AB  = 

CD2  X  GH 


CD  X  DF  X  GH 
X  l-'li 


If  CU  =  CE,  th«iiAB  = 


(203)  By  sjniinttricaJ  triangles.  Take  any  convenient  point, 
as  C.    Set  stakes  at  two  other  fig-  UO- 

points,  D  and  D',  in  tUc  same  ' 
Ime,  and  at  equal  distances 
from  C.  Take  a  point  E,  m 
the  line  of  jVD  ;  measure  from 
it  to  C,  and  onward  till  CE' 
=  CE.  Take  a  point  F  in 
the  Uoe  of  BD ;  measure  from 
it  to  C,  and  onward  till  CV  = 
CP.  Range  out  the  lines  AC 
and  E'D',  and  sot  a  stake  at 
their  intersection,  A'.  Range 
out  the  lines  EC  and  F'D',  and  sat  a  stake  at  their  intensectiao, 
B'.    Measure  A'B'.    It  will  bo  equal  to  the  desired  distance  AB. 


(208)  OUxerwige:    Take  Fig.  ui. 

anj  coavcnient  point,  as  C,  ''^ 
and  set  off  equal  distancea  * 
on  caeh  side  of  it,  in  the 
line  of  CA,  to  D  and  D'.  Set 
off  tlie  same  distances  from 
C,  in  the  lino  of  CB,  to  E  and 
E'.  Through  C,  set  out  a 
parallel  to  DE,  or  D'E',  anil 
Bet  stakes  at  the  point3  F 
and  I"  where  tliia  parallel 
intersects  AJE'  and  ED'. 
Range  out  tlio  lines  AD'  and  EF',  and  sot  a  stake  at  their  intop- 
section  A'.  Range  out  the  lines  EE'  and  DF,  and  set  a  stake  at 
their  intoracction  B'.  Momuto  ATi',  and  it  mU  bo  equal  to  tha 
desired  distance  AB. 


CltiP.  T.] 


Obstacles  to  McasDremtiLt. 


The  eaaieat  method  of  aettmg  out  tie  pstnillel  in  tlie  above  case, 
13  to  fix  the  nudJie  of  tlie  chain  at  the  point  C,  anil  its  ends  on  Uio 
Imes  CD,  CE' ;  then  carry  the  middle  of  the  chain,  from  C  toivarila 
F,  and  mark  the  point  to  whiuh  it  reaches  ;  aud  repeat  tliis  on  tliQ 
other  side  of  C,  aa  shon-n  )>y  the  fiaelj*  dotted  linca  in  tlie  figure. 

INACCESSIBLE  AREAS. 

Trlanptes.  lo  the  case  of  a  triangular  field,  in  ivhieli 
oue  side  ccouiot  be  measured,  or  determined  any  of  the  methods 
just  given,  the  two  acccssihle  sides  may  be  prolonged  to  their  full 
length,  and  an  etjual  Bjnunctrical  triangle  foiTued,  idl  of  vhose  sidea 
can  be  measured.  Thus  in  Fig.  102,  page  103,  if  CDE  bo  the 
ori^nal  triangle,  of  which  the  aide  EC  ia  inaccessible,  DFP  will  he 
efjual  to  it.  But  if  thia  also  be  impossible,  por- 
tions of  the  sides  may  bemeasured,a3AD,AE,  B 
ia  the  figure  in  the  margin,  and  also  DE,  and 
tlio  area  of  this  triangle  found  by  any  of  the 
metlioda  which  have  been  given.  Then  ia  the 
desired  area  of  the  triangle  ABC  =  area  of 
AB  X  AC 


FiE.ua. 


ADE  X 


AD  X  AE' 


C20S)  Quadrilaterals.  In  the  case  f's- 
of  a  four-sided  field,  whose  aides  cannot 
I*  measured,  vr  prolonged,  but  whose 
diagonals  can  be  meaaured,  the  area 
may  bo  obtained  tbna.  Jlcasar©  the 
diagonals  AC  and  CD;  and  also  tha 
portlona  AE,  EC,  into  which  one  of 
them  is  divided  by  the  other.  Calcu- 
late the  area  of  th&  trianglu  ECE,by  the  prccedingmethod,  or  any 
cf  those  heretofore  given.    Then  the  area  of  the  quadrilateral 

ABCD  =  area  of  BCE  x 

(!09)  Polygons.  Methods  for  obtaining  the  areas  of  mac- 
ccsaible  fields  of  more  than  four  sides,  have  been  given  in  Arts. 

<ioi,)  ic. 
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COMPASS  SURVEYING; 
ox 

Bt)  the  Third  Method. 


CHAPTER  I. 

A\'GVUR  SDRTETiniG  LV  CEHERIL. 

(210)  Angular  Swnssying  determinea  tie  r^laiivo  positiona  of 
points,  aud  therefore  of  lines,  on  the  Thiild  rRryciFLE,  aa  ex* 
plained  in  Art.  (7),  wliich  should  now  be  referred  tn. 

(211)  When  the  two  lin&B  "ffhieh  form  an  angle  lie  in  tie  sataa 
horizontal  or  level  plane,  the  angle  is  eallei  a  horhontal  siigh." 

When  these  lines  lie  in  a  plane  perpendicular  to  the  former,  the 
angle  is  called  a  vertical  angle. 

^Vhen  one  of  the  lines  ia  horizontal  and  the  other  Uno  from  tho 
eje  of  the  ohaerver  pasaea  above  the  former,  and  in  the  same  ver- 
tjcii  plane,  the  angle  ia  called  an  angle  of  elevation. 

When  the  latter  lino  passes  below  the  horizontal  lino,  and  in  tho 
eamc  vertical  piano,  the  angle  ia  called  an  angle  of  depression. 

"When  the  two  linea  which  form  an  angle,  lie  ia  other  planes 
■which  mate  oblique  angles  mth  each  of  tha  former  planea,  thtj 
aaglo  13  called  an  oblique  angle. 

Hori2ontal  angles  are  the  only  angles  employed  in  common  land 
survayLttg. 

'  A  plane  ij  saiil  tn  be  l^rKontat,  or  levrl,  vrhea  it  >i  pai-Hllel  to  tlie  (nrfnco  ol 
itBndlug  water,  or  perpenilicalar  I'D  a  plamb-liue.    A  lini:  »  lioruunCDl  when 
liei  in  a  burizoulul  plaae. 


[(HUP.  I. 


Angular  Sorreyliig;  in  general. 


ISS 


(212)  The  angles  between  the  directions  of  two  lines,  -wliicli  it 
is  necessary  to  measure,  maj  !)&  oVtaancd  bj-  a  groat  variety  of  in- 
strumenta.  All  of  them  are  in  Piibstance  mere  moiHficatjons  of  tbft 
very  simple  one  ivhich  will  now  bo  described,  and  wLich  any  ona 
can  make  Sor  bimscir. 

(JI3)  Provide  a  circular  piceo  of  i'S'  i**- 

wood,  and  divide  its  cireomfcronce  *v 
(Lj  any  of  tlie  methods  of  Georaeb-i- 
cal  DraJfUng)  into  three  hundred  and 
Bixty  equiil  parts,  or  '*  Donees,"  and 
number  them  as  in  the  figure.  Tho 
dirisioos  will  be  like  thoao  of  a  watch 
face,  but  six  times  as  many.  Tlieso 
divisions  are  termed  gradtiatians. 
The  figure  shows  only  every  fifteenth 
one.  la  the  centre  of  the  circle, 
fix  a  needle,  or  sharp'poiiited  wire,  and  upon  this  fix  a  straight 
stick,  or  tlun  ruler  placed  edge-wiae,  (called  an  alidade),  so  tliat 
it  may  torn  &eely  on  tliia  point  and  nearly  touch  tlio  graduations 
of  the  circle.  Fasten  the  circle  on  a  staff,  pointed  at  the  other  end, 
and  long  enough  to  bring  the  alidade  to  the  height  of  the  eyea. 
The  instrument  is  now  complete.  It  may  be  called  a  (rontomettTy 
or  Angle-measurer. 

(211)  Now  let  it  be  required  to  measure         F'S-  Ii5. 
Ihe  angle  between  die  lines  All  and  AC.  Fix 
the  staff  in  tho  ground,  so  that  its  centre  shall  /\ 
be  exactly  over  the  intersection  of  tho  two  riT>ir 

lines.    Turn  the  alidade,  so  that  it  points,  (as  4^^%—  

determined  by  sighting  along  it)  to  a  rod,  or  Itai^ 
other  mark  at  B,  a  point  on  one  of  tiic  lines,  and  note  what  degree 
it  covers,  i.  e.  "  The  Reading."  Then,  without  disturbing  the 
circle,  turn  tho  alidade  till  It  points  to  C,  a  pomt  on  the  other  line. 
Uote  tho  new  reading.  The  dificronce  of  these  readmgs,  (in  the 
figure,  45  degrees),  is  tho  difference  In  the  directiona  of  the  two 
lines,  or  is  ihe  angle  which  one  makes  with  the  other.    If  the  di» 


tance  fr-om  A  to  C  ba  now  measui'od,the  point  C  ia  "  determined," 
■with  respect  to  Uio  points  A.  sad  B,  on  th&  Third  Frinciple.  Anj 
number  of  points  may  be  thua  determined. 

<?15)  Instead  of  the  very  simplo  and  rude  alidade,  wJiicli  has 
been  aupposed  to  be  used,  needles  maj  be  fixed  on  each  end  of  the 
alidAde ;  or  sights  tnay  be  added,  such  those  described  ia  Art. 
(106)  ;  01-  a  small  Btrtugfit  tulje  may  be  W3cd,  onc3  end  being  cover- 
ed TV'itb  ft  piece  of  pasteboard  in  which  a  very  stcaU  eye  hoWu 
pierced,  and  threads,  called  "  cross-hairB,"  being  stretek-  *''S 
ed  across  the  other  cad  of  it,  as  in  the  figure  ;  bo  that  ® 
their  intersection  may  give  a  more  precise  line  for  detennining  the 
direction  of  any  point. 

(?iS)  li\Tieu  a  telescope  ia  Eubstitated  for  this  tuT)e,  and  sup- 
ported in  Bueh  a  way  that  it  can  turn  over,  bo  as  to  look  both  boct- 
warda  and  fonvards,  tlio  inatniment  (Tvith  various  other  additions, 
which  however  do  not  affect  the  piTncii»lc) ,  is  called  the  -Engineer's 
Transit. 

"With  the  addition  of  a  level,  aud  a  vertical  circle,  for  meaaimu^ 
vertioul  aagloa,  the  instramont  becoiaea  a  Theodolite;  in  which, 
however,  the  telescope  doea  not  usually  admit  of  being  turned  over. 


(211)  Tlio  Compass  differs  ixom  tho  iastnimente  which  Lave 
beett  described,  in  the  fcCowmg  respect.  Ihoy  all  measure  the 
iaigle  which  one  luie  makes  with  another.  The  compass  measurea 
the  angle  which  cachof '^ese  lines  makes  with  a  third  line,  viz : 
that  shewn  by  the  magnetic  nocdlCj  which  always  paints  (approxi- 
mately) in  the  eimo  direction,  i.  o.  North  and  South,  p>s-  h'- 
in  the  Muffnetio  Meridian.  Thua,  in  the  figure,  the  ^  ^ 
lino  AB  makea  an  angle  of  30  degrees  with  the  line 
AN,  aad  the  liao  AO  makes  an  jinglo  of  76  de- 
grees with  AN.  Tho  difference  of  these  angles, 
or  45  degrees,  is  the  angle  which  AC  makea 
with  AB,  agreeing  with  the  result  obtained  ia 
Art  (211). 
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(SIS)  Surveying  -mth  the  compass  is,  therefare,  a  less  direct 
operation  than  surveying  with  the  Transit  or  Theodolite.  But 
the  use  of  tlie  compass  is  much  more  rapid  anil  easy  (only  one  sight 
and  readmg  at  each  station  hcmg  noccssarj,  instead  of  tiTO,  as  in 
the  former  case),  for  this  reason,  as  Tvcll  as  for  its  smaller  cost,  it 
is  the  instrument  moat  commonly  eaiployeii  in  land  eiiTveying  in 
thia  countrj*,  in  spite  of  its  Imperfcctiong  and  inaccnracies. 

A3  many  may  tmh  to  leam  "  Surveying  with  the  Compass," 
without  being  obliged  to  previously  leam  "  Surveying  irith  th« 
Transit,"  {which  properly,  being  more  simpl*  in  principle,  though 
less  so  in  practioe,  should  precede  it,  bat  Trhich  will  be  ccnsidercd 
in  Part  IV),  we  wUl  first  take  up  COMPAaa  Scbvettsg. 

(319)  Angular  Survej-ing  in  general,  and  therefore  Compasa 
Surveying,  may  employ  either  of  the  3d,  4th  and  5th  methods  of 
determitung  the  position  of  a  point,  g^vcn  in  Part  I;  that  is,  any 
inatrumont  which  measures  anglea  may  bo  employed  for  jPolar^ 
Trianffiilar,  or  Trilinear  Surveying.  The  firet  of  these.  Polar 
Surveying,  is  the  one  most  commonly  adopted  for  the  compass,  and 
13  therefore  the  one  which  will  he  specially  explained  in  this  part. 

The  same  method,  as  employed  with  the  Transit  and  Theodolite, 
will  be  explained  in  tlie  following  part. 

The  4th  (md  5th  methods  will  bo  ei^lained  in  the  nest  two  parts. 

(SW)  The  method  of  Polar  Surveying  embraces  two  nuoor 
methods.  The  moat  nsual  one  consists  in  going  around  the  field 
with  the  instrument,  setting  it  at  each  comer  and  measuring  there 
the  angle  whieh  each  side  makes  with  its  neighbor,  as  well  i\s,  tbe 
length  of  each  side.  This  method  is  called  by  the  French  the  me- 
thod of  Cheminemeiit.  It  has  no  special  name  in  English,  but  may 
be  called  (from  the  American  verb,  To  progress),  the  Method  of 
Progreaien.  The  other  system,  the  Method  of  Radiation,  co»- 
nsts  in  setting  the  instrument  at  one  point,  and  tlience  measuring 
the  direcdon  and  distance  of  each  comer  of  the  field,  or  other 
object.  The  corresponding  name  of  what  we  Lave  called  Triangu- 
lar Surveying  is  the  Muthad  of  Jnteru-ctimi  ;  since  it  determineB 
pointa  by  the  inter&cetions  of  straight  hneg. 
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THE  COMPISS. 
(221)  The  NecdtCt  T!ie  moat  essential  part  of  the  composa  13 
flie  magnetic  needle.  It  b  a  Blender  bar  of  stce-l,  usually  five  or 
■is  inches  long,  strongly  magnetized,  and  balanced  on  a  pivot,  m 
tbat  it  may  turn  freely,  and  thus  bo  enabled  to  continue  pointing 
in  the  same  direction  (that  of  the  "  Magnetic  Meridian,"  approsa- 
matcly  North  and  South)  however  much  the  "  Compass  Box,"  to 
which  the  pivot  is  attached,  may  be  turned  around. 

As  it  is  importa.ut  that  the  needle  slioiild  move  with  the  least 
possible  friction,  the  pivot  shoiild  bo  of  the  hardest  steol  ground  to 
ft  very  sharp  point ;  and  in  the  centre  of  the  needle,  which  ia  to 
rest  on  the  pivot,  should  be  inserted  a  cap  of  agate,  or  other  hard 
material.  Iridium  for  the  pivot,  and  ruby  for  the  cap,  are  still 
better. 

If  the  needle  be  balanced  on  its  pivot  before  being  magnettzcd, 
one  end  will  sink,  or  "  Dip,"  after  the  needle  ia  magnetized.  To 
bring  it  to  a  level,  several  coils  of  wire  are  wound  around  the  nee- 
dle so  that  they  can  be  slid  along  it,  to  adjust  the  weight  of  its  two 
ends  and  balance  it  more  perfectly. 

The  North  end  of  the  needle  is  usually  cut  into  a  more  omap- 
mental  form  than  the  South  end,  for  the  sate  of  distinction. 

The  principal  reqalsittJS  of  a  compass  needle  are,  intensity  of  di- 
rective force  and  susceptibility.  "Shear  steel"  was  found  by 
Capt.  Kater  to  be  the  kind  capable  of  receiving  the  greatest  mag- 
netic force.  The  best  form  ia  that  of  a  rhomboid,  Fig,  H9. 
or  lozenge,  cut  out  In  the  middle,  so  as  to  dimi- 
nish the  extent  of  surface  in  proportion  to  the 
mass,  as  it  is  the  latter  on  which  the  directive  force  depends.  Be- 
yond a  certun  limit,  say  five  inches,  no  additional  power  b  gained 
by  increaang  the  length  of  the  needle.  On  the  contrary,  longer 
ones  are  apt  to  have  their  strength  dlmimshcd  by  several  consecu- 
tive polos  being  fonoed.  Short  needlea,  made  very  bard,  axo 
therefore  to  be  preferred. 
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The  iieec3Ie  sliould  not  coine  to  rest  very  quickly.  If  it  does,  it 
indicates  cither  that  it  is  weakly  magnetized,  or  tliafc  the  frielion  on 
the  pivot  is  great,  lis  senaitiveness  is  lndli;ated  by  the  numlier  of 
ribrationa  which  It  makes  in  a  small  space  tefore  coming  to  rest. 

A  screw,  with  a  miJled  head,  on  the  under  side  of  the  plate 
which  aupporla  the  ]>ivot,  is  used  to  raise  the  needlu  off  this  pivot, 
when  the  instrument  is  earned  about,  to  prCTent  the  point  he'mg 
dulled  by  unnecessary  friction. 

(222)  Tlic  SlgbtSi^  Nest  after  the  needle,  -wliich  gives  the  di 
rection  of  the  fixed  line,  whoso  angles  with  the  lines  to  he  aurvej- 
ed  are  to  be  measured,  should  be  noticed  the  Sights,  vrhich  show 
the  directions  of  these  last  Hnea.  At  each  end  of  a  line  passing 
through  the  pivot  is  placed  a  "  Sights"  conaiating  of  an  upright  bar 
of  brass,  mth  openings  in  it  of  various  forms ;  usually  either  slits, 
Tfith  a  circular  aperture  at  their  top  and  bottom';  or  of  the  fonu 
described  in  Art.  (106) ;  all  these  arrangements  heing  intended  to 
enable  tic  line  of  sight  to  be  directed  to  any  d-eaired  object,  ivith 
precision. 

(223)  A  Telescope  ■which  can  move  up  and  down  in  a  vertical 
plaue,  i.  0.  a  plun^g  telescope,  or  ono  which  can  turn  completely 
oveTj  is  eometimeg  substituted  for  the  sights.  It  has  the  great 
advantage  of  giving  more  ^tinct  vbion  at  long  distances,  and  of 
admitting  of  sights  up  and  drnvni  very  st^ep  slopes.  Its  nccaraey 
of  vision  is  however  rendered  nugatory  by  the  want  of  precision  in 
the  readings  of  the  needle.  If  a  telescope  1>e  applied  to  the  com- 
pass, a  graduated  circle  with  vernier  shoukl  be  added,  thus  can- 
verting  (lie  compass  into  a  '*  Transit."  The  Telescope  will  be 
found  minutely  deaeribed  in  Part  IV,  "  Transit  Surveying." 

(J2J)  Tfl*  ^Ividfil  ctrrU.  Wo  now  have  the  means  of  indi* 
eating  the  directions  of  the  two  lines  whoso  angle  is  to  bo  moasur- 
od.  The  number  of  degrees  contained  in  it  is  to  he  read  from  a 
circle,  divided  into  degrees,  in  the  centre  of  which  is  fixed  the 

'  An  liisido  mill  an  uutniJo  yiew,  or  "  E Icvaiinn.*'  of  mcli  iiglii*,  ire  given  on 
cocli  aidn  of  tlic  RsMve  ufilic  CtinijioM,  oa  ptge  ISG.  It  ii  iiielT  dravm  in  "  Mili- 
Ury  Pertpeciive.''^ 


oEiF.  It.;]  The  Compass.  iSS 

pivot  bearing  the  needle.  The  gr&duatjooe  arc  osoallj  mado  to 
half  a  degree,  and  a  q^uartcr  of  a  degree  or  lesa  can  then  he  "  eatU 
mated."  The  pivOt  and  needle  are  sank  in  a.  circular  bos*  so  that 
ltd  top  may  be  ou  a  level  with  the  needle.  The  graduations  are 
usually  made  on  the  top  of  the  surrounding  rim  of  the  box,  but 
ehould  also  be  continued  down  ita  inside  circumferencfl  so  that  it  may 
ho  easier  to  see  v,-ith  what  division  the  ends  of  the  needle  coincide* 

The  degrees  are  not  numbered  consccutiTcly  from  0^  sroimd  to 
S60-  ;  but  run  from  0^  to  90^,  bolh  ways  from  the  two  diametri- 
cally opposite  pointj  at  which  a  line,  paaabg  through  the  &Iits  in  tho 
middle  of  tho  sightB,  would  meet  the  divided  circle. 

The  lettering  of  tho  Surveyor's  Compass  has  one  important  dif 
fercnce  from  that  of  tlm  Mariner's  Comfiasa. 

When  we  stand  facing  tlie  North,  the  East  is  on  our  rijjht  hand, 
and  the  West  on  our  lefV.  Tho  gnldaatcd  card  of  tho  JIarinor'a 
Corapasa  ^(hich  ia  fastened  to  the  needle,  and  hims  with  it,  is 
marked  accordingly.  Cut,  in  the  Surveyor'^  compass,  one  of  tho 
0  points  being  mai'ked  N,  or  North,  (or  indicated  by  a  flcur4e- 
hs,)  and  the  opposite  one  S,  or  South,  the  90-degrce3-point  on  the 
rif/M  of  this  line,  aa  you  stand  at  the  S  end  and  look  tiwartls  tho 
N,  is  marked  W,  or  West ;  and  the  lift  htai  SO-degrees-point  ia 
marked  E,  or  East.  Tho  reason  of  thia  will  be  seen  when  the 
method  of  using  the  compass  comes  to  be  explained  in  the  following 
chapter. 


(425)  The  Points.    In  or- 

iinary  land  gurvejing,  Only  four 
points  of  tlic  compass  have 
names,  viz:  North,  South,  East 
and  West ;  the  direction  of  a 
line  being  deacribcd  hy  the  an- 
gle which  it  makes  mth  a  North 
and  South  line,  to  ita  East  or  to 
itfi  West.  But  for  nautical  pur- 
poees,  the  circlo  of  tho  compass 
is  Prided  into  32  points,  the 
names  of  which  are  shown  ia 
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die  figare.  Ttto  rules  embrace  all  tho  cases.  1*^  Wten  di« 
letters  indicating  inso  points  are  joined  ki^etlier,  tlie  point  half  way 
bobveca  the  two  is  meant ;  thus,  N.  E.  is  half  way  betweca  North 
and  East ;  and  N.  N.  E.  is  half  way  between  North  and  Nbrth 
East.  2^  'When  the  letters  of  two  points  ara  joined  together 
witii  the  intermediate  word  it  indicates  the  point  whieh  comes 
next  after  the  first,  In  going  towards  the  second  ;  thus,  N.  by  E,  is 
tho  point  whicli  follows  North  in  going  towards  the  East ;  S.  E.  5y 
3.  is  the  next  point  from  South  East,  going  towards  tlie  South.. 

(226)  Eccentricity.  The  eentre-pin,  op  pivot  of  the  needle, 
ought  to  be  exactly  in  the  centre  of  the  graduated  circle  ;  the  nee- 
dle ought  to  be  straight;  and  the  line  of  the  sights  ought  to  pasa 
exactly  throiigh  thia  centre  and  through  the  0  points  of  the  circle. 
If  this  is  not  tho  case,  there  will  bo  an  error  in  every  observation. 
This  is  called  the  error  of  ceeentrieitif. 

When  tlie  maker  of  a  compaaa  is  about  to  fx:  tlio  pivot  in  place, 
ho  is  in  doubt  of  two  things  ;  whether  the  needle  is  perfectly  etraight, 
and  wbether  the  pivot  is  exactly  in  the  cen-  i'>^-  'ji- 

tre.  In  figures  151  and  162,  both  of  tbego 
are  represented  as  being  excessively  in 
error. 

Firstly,  to  examine  if  the  needle  be 
straight.    Fix  tho  pivot  temporarily,  so 
that  the  ends  of  the  needle  may  cut  oppo- 
Bite  degrees,  i.  o-  degroea  differing  by 
180^.    The  condition  of  things  at  this 
stage  of  progress,  -will  be  represented  by 
Fig.  151.    Ihon  turn  the  compaas-box 
half  way  around.   The  error  will  now  be 
doubled,  as  is  shown  by  Fig.  152,  in  wliich 
the  former  position  of  the  needle  is  indi- 
satoi  by  a  dotted  line.'   Now  bend  the 
needle,  as  in  Fig.  153,  till  it  cuts  divt- 
eions  midway  bettreen  those  cut  by  it  in 

'  Tins  i«  unnibcr  ciarnplo  of  tho  fmitful  rnnciok  Rcturtwa,  fiist  noticed  ii 
Ah.  (105;. 
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its  present  and  in  its  former  position  153. 
This  makes  it  certain,  that  the  needle  ia 
Btraigbtj  or  that  its  two  ends  and  ita  cen- 
tra lie  In  die  same  Btralght  line. 

Seeoml^jf,  to  put  the  pivot  in  the  cen- 
tre. Move  it  till  the  strsughtened  needle 
cnU  opposite  divisions.  It  is  then  ctrtain 
that  the  direction  of  the  needle  passes 
through  the  centre.  Turn  the  compass 
box  one-quarter  around,  and  if  the  needle  does  not  then  cut  oppo- 
site diimons,  move  the  pivot  till  it  does.  Kepeat  tlie  operation  in 
various  positions  of  the  box.  It  ■will  be  a  suflScicnt  test  if  it  cuts 
the  opposite  divisions  of  0^,       and  90^. 

To  fix  the  aighta  precisely  in  liae,  draw  a  hair  through  their  slits 
and  move  them  till  the  Iiair  pasacs  over  the  0  points  on  tlic  circle. 

The  surveyor  can  also  examine  for  himself,  by  the  principle  of 
Keversion,  whether  the  line  of  the  eights  passes  through  the  centre 
or  not.  Sight  to  any  very  near  object.  Read  off  the  number  of 
degrees  indicated  by  one  end  of  tho  needle.  Then  turn  the  con> 
pass  half  around,  and  sight  to  the  mmc  object.  If  the  two  read- 
ings do  not  agree,  there  ia  an  error  of  eccentricity,  and  the  arith- 
metical mean,  or  half  sum  of  the  two  readings  is  the  correct;  one. 


1  ia  Ijl- 
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In  Fig.  154,  the  Unc  of  eight  AB  ia  represented  as  passing  to 
one  side  of  the  centre,  and  the  needle  aspoiotuig  to  46^.  In  Fig. 
155^  the  comfiass  is  supposed  to  tare  been  tamed  half  around  and 
the  other  eml  of  the  sights  to  he  directed  to  the  same  object. 
Suppose  that  the  needle  would  have  pointed  to  45°,  if  the  line  of 
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Bigkt  Lad  passed  tlirough  tlie  centre.  Tho  needle  will  dotv  poinl 
to  44'5,  tlie  error  boing  doubled  hj  the  reversion,  and  the  tru« 
reading  being  tho  mean. 

ThU  does  not,  howerer,  mato  it  certain  tliat  the  line  of  tLq 
aighta  passes  through  the  0  points,  which  can  onljr  be  tested  hj  tlin 
hair,  as  mentioned  a.bove. 

(227)  Levels.  On  the  compaaa  plato  are  two  small  spirit  levela. 
They  consist  of  glass  tubes,  shghtlj  curved  upwards,  aud  nearly 
filled  mth  alcohol,  Icarag  a  bubble  of  air  within  tlicm.  They 
arc  BO  adjusted  that  when  the  bubbles  are  in  tlie  centres  of  the 
tubes,  the  plate  of  the  compaaa  shall  bo  level.  One  of  them  lies  in 
the  direction  &f  the  aiglita,  and  the  ether  at  right  angles  to  this 
directioD. 

(228)  Tangt'at  Scale.  Thia  is  a  conrfinientj  though  not  nasevr 
tial,  addition  to  the  compass,  for  the  purpose  of  measuring  tlie 
slopes  of  ground,  so  that  the  pi-oper  allowance  in  chaining  may  be 
made.  In  the  fi^rc  of  tho  compaaa,  page  126,  may  he  seen,  on 
tlie  edge  of  the  left  hand  eight,  a  small  projection  of  bi-asa  with  a 
hole  through  it.  On  the  edge  of  the  other  sight  are  engraved 
lines  numhered  from  to  20^,  the  0°  being  of  the  same  height 
above  the  compass  plate  that  the  eye-hole  ta.  To  use  tine,  set  the 
compass  at  the  bottom  of  a  slope,  and  at  the  top  set  a  signal  of 
exactly  the  height  of  the  eye-hole  from  the  ground.  Level  the 
Compass  very  carefully,  particularly  by  the  level  which  lies  lengtli- 
wise,  aad,  with  the  eye  at  the  eye-lfole,  look  to  the  signal  and  note 
the  nmnher  of  the  dinaion  on  the  farther  sight  which  Is  cut  by  tho 
visual  ray.  That  nill  be  the  angle  of  the  slope;  the  distances  of 
the  engraved  hnes  from  the  0^  line  being  tangents  (for  the  radiua 
equal  to  the  distance  between  the  sights)  of  the  angles  con-espond- 
iag  to  the  ninnhera  of  tho  lines. 

(329)  Tcroitr.  Hie  compaaa  box  is  connected  with  the  piate, 
which  carrica  it  and  the  sights,  so  that  it  can  turn  around  on  thia 
plate.  This  motion  is  given  to  it  by  a  screw,  (called  a  slow-mo- 
tioD,  Or  Tangent  screw),  the  head  of  which  is  tho  nearest  cue  in 
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the  figure  on  page  126.  If  two  marks  be  made  opposite  to  e&ch 
other,  one  oa  the  projecting  part  of  the  compaaa  lox,  and  the  oLiier 
on  tlic  plate  to  -wliich  the  sights  ai'e  fastened,  these  marks  will  sepa- 
rate •airnn  tbe  Glow-motioa  ecrevr  is  turned.  Tlieir  Stance  apart 
(in  angular  measurement,  i.  e,  fractions  of  a  circle),  in  any  posl- 
tioa,  is  mcaaurcd  hy  a  contrivance  called  a  Vcfnicr,  ivUich  is  the 
minuttlj  disidcd  arc  of  a  circle  »een  between  the  left  liand  sight 
and  the  compass  box.  It  will  be  better  to  defer  expIaioiDg  the 
mode  oC  reading  tlie  Tcrnier  for  the  present,  slnee  it  13  rarelj*  used 
with  the  compaaa,  and  an  entire  chapter  wiU  be  given  to  it  in  Part 
IV.  Its  principle  is  similar  to  that  of  the  Vernier  Scale,  described 
in  Art.  (50)-  Its  applications  in  "  Keld-work"  will  be  noticed 
under  that  bead. 

'''^^230)  Tripod.  The  compass,  like  mest  surveying  instruments, 
is  uauallv  &iip£)ortcd  on  a  Tripod,  consisting  of  three  legs,  sliod  with 
iron,  and  so  connected  at  top  as  to  be  movable  in  any  dircctioQ. 
There  are  mtaij  forms 

of  Uicse.    Lightness       ^js-  iM.  Kig.  157. 

and  EtiEiiesa  are  the 
qualities  desired.  Tlie 
most  usual  form  is 
shewn  in  tlie  figures 
of  the  Transit  and  the 
ThectdolitOj  at  the  be- 
ginning of  Part  r\''. 
Of  the  two  represent- 
ed in  Figa.  156  and 
157,  the  first  has  tlie 
adyantage  of  being  ve- 
ry easily  and  cheaply 
made  ;  and  the  second 
that  of  being  hght  and 
yet  capable  of  vcrj  firmly  resisting  horizontal  torsion. 

The  joints,  by  which  the  instrument  is  connected  with  the  tripod, 
are  alao  various.  Fig.  15S  is  the  "  Ball-and-socket  joint,"  most 
bSual  in  this  country.    It  takes  its  name  from  the  tall,  in  which 


tenmnates  tlie  coTcred  sp'mdie  wliicli  enters  a  corrcsponcUng  canty 
under  the  compasa  plate,  and  the  socket  la  wliich  t\m  ball  turns. 
It  aJmita  of  motion  in  any  direction,  and  can  be  tiglitened  or  loos- 
ened hj  turning  tlio  upper  LaJf  of  tlie  hollow  piece  enclosmg  it, 
which  ia  ecrowed  on  the  lower  half.  Fig.  159  is  culled  the  "  Shcll- 
jaint."  Ill  it  the  two  sLell-ahaped  pieces  enclosing  the  ball  are 
tightened  by  a  tlnimb-scrcw.  Fig.  160,  is  "Cngnot'a  joint."  It 
consists  of  tTO  cylinders,  placed  at  right  angles  to  each  other,  and 
tlirough  the  axes  of  which  paaa  bolta,  which  turn  freely  in  the  cyhn- 
der  and  can  be  tightened  or  loosened  by  thumh^crews  at  their 
ends.  The  conihination  of  the  twomotioo.?  which  tbia  joint  pe^rmils, 
enahlcs  tJie  instinmcnt  which  it  carries,  to  be  placed  in  any  desli-ed 
position,    Tlila  joint  ia  much  the  most  stable  of  the  three. 

(2SI)  JacoVs  Staff.  A  single  log,  called  a  "Jacob's  Staff," 
baa  somo  advantages,  as  it  is  lighter  to  carry  in  the  Bcld,  and  can 
be  made  of  any  wood  on  the  spot  where  it  ia  to  be  usod,  thus  sav 
ing  the  expense  of  a  ti^ipod  and  tlie  trouble  of  its  transportation 
Its  npper  end  is  fitted  into  the  lower  end  of  a  brass  head  winch  has 
Bk  ball  and  socket  joint,  antl  axis  above.  Its  lower  end  should  be 
shod  with  iron,  and  a  apLke  running  through  it  is  u&cful  for  pressing 
it  into  &s  ground  with  the  foot.  Of  course  it  cannot  be  conven- 
iently uaed  on  frozen  ground,  or  on  pavements.  It  may,  howerer, 
be  set  before  or  behind  the  spot  at  which  the  angle  is  to  be  me* 
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Bored,  provided  that  it  is  placed  very  precisely  in  the  line  of  i^eo- 
tiou  £rcm  that  station,  to  the  one  to  ^liich  a  ai^t  is  to  be  taken. 

(233)  Tb>e  Prismatic  Omp^&sj,  The  peculiarity  of  tLis  instru- 
ment (oftioji  caltcd  StluniilL'aldefs)  iB  that  n  glass  triaDgulir  prism 
i$  Eti'bECitated  for  one  of  ^ghta.  Suoh  a  pri^ra  has  this  peculiar 
property  that  at  the  same  time,  it  can  be  scea  througli,  so  that  a 
eight  can  be  taken  through  it,  and  that  its  upper  siirfae&  reflecta 
Ukc  a  umrcr,  so  that  the  numbers  o£  the  degrees  immediat«^ly  und&r 
it,  can  be  read  olT  at  the  same  time  that  a  sight  to  any  object  is 
taken.  Another  peculiarity,  necessary  for  profiting  by  tSie  last 
One,  i^,  that  tlie  divided  circle  ia  not  C^scd,  bat  is  a  card  fastened 
to  the  needle  and  moving  around  Ttith  it,  as  in  the  Mariner's  Com- 
pass,  The  piinnte  description,  viLicL  folleire,  is  condensed  fiom 

In  the  figure,  A  rcpre-  f'S- 1'^'- 

sects  the  coDii>asa  box,  and 
B  the  card,  n^hich,  being 
attached  to  tlic  magnetic 
needle,  moves  as  it  moves, 
around  the  agato  centre, 
a,  on  which  it  is  guapond- 
dd.  The  eircumference 
of  tlie  card  is  usually  di- 
«ded  to  i  or  ^  of  a  de- 
gree. €isapri?m,whieh 
the  observer  looks  through . 
The  perpendicular  thread 
of  the  Eigbt-vane,  E,  and 
the  divTOons  on  the  card,  appear  together  on  looking  through  the 
prism,  and  the  division  nitl  irhjch  the  thread  coincides,  ivhen  tiie 
needle  is  at  rest,  is  the  "  Bearing"  of  irhjitcveT  object  the  tfirea<i 
may  biacct,  i.  e.  is  the  angle  which  the  line  of  sight  roakcs  with  the 
fhrection  of  the  needle.  The  prism  is  mounled  vnth  a  hinge  joint, 
D.  The  sight-vane  has  0  fine  thread  stretched  along  its  opening, 
in  the  direction  of  it9  length,  which  is  brought  to  bisect  any  object, 
by  turning  the  box  arounfl  horizontoUj.    F  ia  a  mirror,  made  to 
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slide  oil  or  off  the  aigbt-vane,  E ;  and  it  may  be  reversei  at  plea 
sure,  tTiat  la,  turned  face  donnivardfi ;  it  can  also  be  inclined  at 
any  omglft,  hj  means  of  its  joint,  d ;  and  i£  will  remain  atatlonaiy 
on  any  part  of  the  vanO;  by  tlie  friction  of  its  slides.  Its  use  tff 
reflect  the  imago  of  an  oliject  to  tlie  eya  of  an  observer  wlien  tlie 
object  is  mticli  above  or  below  tlio  liorizonta]  plane.  The  colored 
glaaaea  ropresontcd  nt  G,  ar&  intended  for  observing  the  sun.  At 
e,  is  shown  a  spring,  which  being  pressed  by  the  finger  at  the  time 
of  observation,  and  then  rclGased,  chects  tho  vibrations  of  the  card, 
and  brings  it  moro  speedily  to  rest.  A  stop  is  likewise  fixed  to 
tho  other  side  of  the  box,  by  which  ttc  needle  Eoay  be  thrown  off 
its  centre.  , 

TIio  metkoil  of  using  tliis  instrument  is  very  simple.  Firat  nuso 
the  prism  in  its  soclcet,  b,  until  you  ott^  a  distinct  view  of  t3ie 
divisions  on  the  card.  ITien,  standing  over  t!iG  point  where  the 
angles  are  to  be  taken,  hold  tiio  instrument  to  fli&  eye,  and,  looking 
throiigli  the  slit,  (7,  turn  around  till  tho  tliioad  in  the  sight-vauo 
bisects  one  of  tho  objecta  whose  heaiing  is  required  ;  tiien  by  toach- 
mg  the  epring,  a,  bring  the  needle  to  rest,  and  the  division  on  the 
card  wliich  coincides  with  the  thi'ead  on  the  vane,  will  ho  tho  hear- 
ing of  the  ohjcct  from  the  north  or  south  points  of  the  magnetia 
meridian.  Then  turn  to  any  other  object,  and  repeat  the  opera- 
tion ;  tho  difFerenco  between  the  bearing  of  this  object  and  that  of 
tho  former,  -will  be  Uio  angular  distance  of  the  objects  in  question. 
Thus,  suppose  .the  former  bearing  to  be  40^  30',  and  the  latter 
10°  15',  both  east,  or  both  west,  Fis.  los. 

from  the  north  or  south,  the  angle 
will  be  30=^  Id'.  The  divisions  are 
generally  jnimherod  5*,  10°,  15"=, 
&c.  around  the  circle  to  3G0^. 

The  figmus  on  tho  compass  card 
anj  leveracd,  or  ■written  upside 
down,  as  in  the  figure  (in  which 
only  every  fifteenth  degree  is  mark- 
ed), because  they  are  again  ro- 
veraed  by  tho  prism. 
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(333)  The  prismatic  oompasa  ia  generally  heU  in  tie  Land,  ilu 
bearing  being  caught,  as  it  ■weru,  m  passing ;  but  taore  ac<;iirat« 
readings  would  of  course  be  oltniued  if  it  rested  on  a  support,  SVicli 
9s  a  stake  cut  fiat  on  its  top, 

In  the  fonner  mode,  the  needle  never  corner  completelj  to  rest, 
particujatly  in  the  wind.  Id  each  caaea,  observe  the  es^rCBie  cK- 
iTisSons  betireen  which  the  needle  Tibrates,  and  tato  their  arith- 
metical mean. 

<J34)  Defeats  of  conipassi  The  compass  is  deficient  m  bcth 
preciMon  and  cojTcctness." 

The  former  defect  arises  from  the  iudefinttenesa  of  its  modo  of 
indicating  the  part  of  the  circle  to  whieb  it  points.  The  point  of 
the  needle  ha3  ccnaidGrable  thickness ;  it  eitinot  qiute  touch  the 
dirided  circle ;  and  these  divisions  are  made  only  t^  whole  or  half 
dcgroesj  though  a  fraction  of  a  division  may  be  estimated,  or  guessed 
at.  The  Vernier  does  not  much  better  this,  as  we  shall  see  when 
explaining  its  use.  Now  an  inaccuracy  of  one  quarter  of  a  degree 
in  an  angle,  i,  e.  in  tbo  differeneo  of  the  directiona  of  two  lines, 
causes  them  to  separate  from  each  other  5J  inches  at  the  epd  of 
100  feet ;  at  the  end  of  1000  feet  nearly  4  J  feet ;  and  at  the  end 
of  a  mile,  23  feet.  A  difference  of  only  onc-tentli  of  a  degree,  or 
tpx  minutes,  would  produce  a  difforoncc  of  1 J  feet  at  the  end  of 
1000  feet ;  and  9J  feet  at  the  distance  of  a  mil^.  Such  are  tho 
differences  which  may  result  from  the  want  of  prmsion  in  the  ia- 
ilicatioDB  of  tbe  compass. 

Bat  n  more  Bcrioua  defect  is  the  want  of  eomctjieaa  in  the  com- 
pass. Its  not  pointing  exactly  to  the  true  north  docs  not  indeed 
aSect  the  correctness  of  the  angles  measured  by  it.  But  it  does  not 
point  in  the  same  or  in  a  parallel  direction,  ^Juring  even  the  same 
day,  but  changes  its  direction  between  sunrise  and  noon  nearly  a 
quarter  of  a  degree,  as  will  bo  fiilly  explained  in  Chapter  VXIT. 
The  effect  of  such  a  difforcncc  wc  have  jast  Been.    This  direction 

*  Tte  (indent  muai  not  confoaiiJ  iliese  iwo  qiialiticn.    To  wy  ibat  lou  ran  op- 
pevtvio  Hm  in  ihe  CMtem  <)nnrlfr  •>(  the  }h:iivi;p«  nnd  ti>  "et  m  ihu  weitcrn,  ;( 
(BTTwf,  but  iiol  pjxite,    A  waleU  willi  a  Becond  hatitl  (ndiealp«  tho  lime  of 
pnoiriy.  brit  nal  altpsT^  rorrHf/^.    T  ha  a1  alexin  cut  ihet  iwo  wul  iwa  malLe  Gre, 
w  fndae,  but  ii  nnl  UBuuIly  rcgnnlcii  m  comet. 
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may  also  be  greatly  altori^d  in  a.  mirmeut,  T^ithout  tho  knowledge 
of  tLe  flurteyot,  hy  a  piece  of  iron  being  brought  near  to  the  com 
pass,  or  by  ai>me  other  locd  attraction,  M  will  be  noticed  hereafter. 
This  is  the  weak  jioint  in  the  sooiposs. 

Notrnthstaading  thes&  defects,  tho  compass  ia  a  very  Taluable 
inatrumentj  from  its  eimplici^,  rapidity  and  convenience  in  use ; 
and  though  never  precise,  and  seldom  correct,  it  ia  geuei'ullj  not 
very  wrong- 


CHAPTER  m. 

TUG  FIELD  WORK. 

(2S5)  Taking  Bcarlnffs.  The  "  Bearing"  of  a  lino  is  the  an- 
gle which  it  makes  with  the  direction  of  the  needle.  Thus,  ia  Fig. 
147,  poge  12-1,  the  angle  NAB  ia  the  Bearing  of  the  line  AB,  anil 
NAG  ia  the  Beaj'ing  of  AC.  The  Bearing  and  Length  of  a  kine  ora 
Darned  Collectively  the  Course. 

To  take  tho  Bearing  of  any  Uttc,  Bet  tho  compass  exactly  over 
any  point  of  it  by  a  plumb-line  aoapendcd  from  beneath  tlio  cen- 
tre of  tl;e  compass,  or,  approamately,  by  dropping  a  stone.  Level 
the  corapaaa  by  bringing  the  air  babbles  to  the  middle  of  the  level 
tubcg.  Direct  the  Bights  to  a  rod.  held  tnily  vertical,  ot  "  plumb," 
at  anotbcr  point  of  the  line,  the  more  distant  the  bettor.  The  two 
eoiU  are  usually  taken.  Sight  to  the  lowest  visible  pomt  of  the 
Hid.  When  the  needle  comes  to  rest,  note  what  division  on  tho, 
circle  it  pointa  to ;  taking  the  one  indicated  by  the  Nortlj  end  of 
tho  needle,  if  tho  North  point  on  the  eil-cle  is  farthest  fromyoo, 
and  vice  versa. 

In  reading  the  division  to  which  one  end  of  tho  needle  points, 
the  eye  should  bo  P'laccd  over  tho  other  cnd^  to  avoid  the  error 
frHch  might  result  frem  tho  "  paTallai,"  or  apparent  change  of 
1^0,  of  the  end  read  from,  when  looked  at  obliciuely. 
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Tlie  bearingkreaJ  and  recorded  by  noting  botiyeemrhat  letters 
the  end  of  the  needle  comes,  and  to  what  number;  naming,  or 
vrriting  doTTD,  jirstli/,  that  letter,  If  or  S,  wliicb  is  at  tbe  0^  point 
nearest  to  that  end  of  the  needle  from  whith  you  are  readJng; 
tccondly,  tL«  number  of  degrees  to  lyliich  it  points,  and  Odrdly, 
the  letter,  E  or  of  tlie  9<I°  point  wLich  is  nearest  to  the  eame 
end  of  tlie  needle.  Thua,  in  the  figure,  if  when  tbe  Bightfl  wsra 
directed  along  a  line,  (the  North 
point  of  ilie  compass  being  moat 
distant  from  the  observer),  the 
North  end  of  tLe  needle  iraa  at  the 
pohit  A,  the  bearing  of  the  line 
sighted  on,  would  he  Korth  45^ 
Eist ;  if  tbe  end  of  the  nectlle  waa 
at  B,  tbe  bearing  would  be  East ;  if 
at  C,  S.  30°  E;  if  at  D,  Smith;  if 
,  at  E,  S.  60°  W ;  if  at  F,  West ;  if 
atG,  N.  60°  W;  if  at  H, -^TortA. 

(236)  "Wo  can  now  understand  Tfby  W  is  cr.  tbe  light  Land  of 
tbe  compass-box,  and  E  on  tbe  left.  Let  tb«  direction  from  th« 
centre  of  the  compasa  to  tbe  point 
B  in  tlie  fig;iu'&,  be  required,  and 
suppose  tbo  sighta  in  tbe  first  placo 
to  be  pointing  in  tbo  direction  of  the 
needle,  S  N,  and  tbo  North  dght 
to  be  ahead.  When  tbe  sights  (and 
the  circle  to  wHch  they  are  faateit- 
od)  hare  been  turned  so  as  to  point 
in  the  direction,  of  B,  the  pomt  of 
the  circle  marked  E,  will  haTo  come  round  to  the  North  end  of  the 
needle,  (W«ce  Me  nendls  remalnt  immovable^  and  the  reading  will 
therefore  be  "  East,"  as  it  should  be.  The  effect  on  the  reading 
is  the  same  as  if  the  needle  had  moved  to  the  left  the  same  quanta^ 
irhich  the  sights  have  moved  to  the  right,  and  the  left  side  is  there- 
fore properly  mitrked  "  East,"  and  viVe  vena.  So,  too,  if  £he 
tearing  of  tbe  line  to  C  be  desired,  half-way  between  North  and 
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East,  i.  e.  N.  45'^  E. ;  when  tlie  aiglita  and  tlie  circle  tava 
turned  45  dcgroDs  to  the  right,  tlia  needle,  really  atandmg  still. 
Lis  appari-ntly  aiTived  at  the  point  half-waj  between  and  E., 
i.  e.  N.  45°  E. 

Some  surreyora'  compEi&scs  we  marked  the  reverse  of  this,  the 
E  on  the  right  and  the  W  en  the  left.  These  letters  must  then  be 
rev^raed  in  the  mind  before  the  bearing  ia  noted  donn. 

(237)  Rcadiag  with  Vernier.  When  the  needle  does  not  point 
precisely  to  one  of  the  division  marts  on  tlic  circle,  the  fractional 
jiart  of  the  smallest  space  is  usually  estimated  by  the  eye,  aa  has 
been  explained.  Eat  tliis  fractional  part  may  be  measured  by  the 
Vernier,  described  in  Art.  (l!29),  as  follows.  Suppose  Uie  needle 
to  point  between  N.  SP  E.  and  N.  Zl^^  E.  Turn  the  tangeut 
Bcrew,  which  moves  the  compass-box,  till  the  smaller  division  (in 
this  case  31^)  lias  come  round  to  the  needle.  Tlia  Vernier  will 
then  indicate  through  what  space  tlie  compass-box  has  moved,  and 
therefore  how  much  must  he  added  to  the  reading  of  the  needle. 
Suppose  it  indicates  10  minutes  of  a  decree.  Then  the  hearing  is 
N.  31'^  10'  E.  It  is,  however,  bo  difficult  to  mova  the  Vernier 
without  disturbing  the  whole  Lastrument,  tljat  this  is  seldom  rcsorted 
to  in  practice.  The  chief  use  of  the  Vernier  is  to  set  the  instru' 
ment  for  running  lines  and  maldng  an  allowance  for  tie  variation 
of  the  needle,  aa  will  he  explained  in  the  proper  place.    A  Vemie> 

A  Vernier  arc  is  aometimea  attached  to  one  end  of  the  needle 
and  carried  arouud  bv  it. 

(238)  Practical  Hints.    Mark  every  station,  or  spot,  at  which 
the  compass  is  set, by  driving  a  stake,  or  digging  up  a  God,  or  piling- 
up  stones,  or  otherwise,  so  that  it  can  be  found  if  any  error,  op  other 
cause,  makes  it  necessary  to  repeat  the  aurvev- 

Vcry  often  when  the  line  of  which  the  hearing  is  required,  ia  a 
fence,  kc,  the  compass  cannot  be  set  upon  it.  In  such  cases,  set 
the  compass  bi>  that  its  centre  is  a  foot  or  two  from  the  line,  and 
act  the  flag-ataff  at  precisely  the  same  distance  from  the  line  at  Uie 
other  end  of  it.  The  beai-iiig  of  the  flag-staff  from  the  compass 
will  bo  tlie  same  aa  that  of  the  fence,  the  two  lines  being  parallel 
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TI10  diatiiiic€3  aliodd  be  measured  on  the  real  line.  If  more  con- 
Tenient  Uie  compass  may  be  set  at  some  point  on  the  line  prolong- 
ed, or  at  some  interniedlatc  point  of  the  lino,  "  in  line  "  between  its 
extremities. 

In  setting  the  compass  level,  it  is  more  important  to  have  it  level 
cro33wa-j9  of  the  sigLta  than  in  tlieir  direction  ;  since  if  it  bo  not  bo, 
on  looking  up  or  down  hill  through  the  upper  part  of  one  agbt  and 
the  lower  port  of  the  other,  the  line  of  alght  Trill  not  be  parallel  to 
the  N  and  S,  or  zero  line,  on  the  compass,  and  an  incorrect  bear- 
ing wtII  therefore  be  obtained. 

The  compass  should  not  be  levelled  by  the  needle,  as  some  hooka 
recommend,  i,  e.  so  levelled  that  the  ends  of  the  needle  ahaU  be  at 
eq^uat  distances  below  the  glass.  The  needle  should  be  brought  so 
ori^nally  by  the  maker,  but  if  bo  adjusted  in  the  morning,  it  will 
not  be  80  at  noon,  owing  to  the  daily  variation  in  the  dij}.  If 
then  the  compass  be  levelled  by  it,  the  lines  of  si^t  will  generally 
be  more  or  less  oblique,  and  therefore  erroneoua.  If  the  needlo 
touches  the  glass,  when  the  compass  is  levelled,  balance  it  by  slid- 
ing the  coll  of  TvErc  along,  it. 

The  same  end  of  the  compass  should  always  go  ahead.  Iba 
North  end  iia  preferable.  The  South  end  will  then  be  nearest  to 
the  observer.  Attention  to  this  and  to  the  caution  in  the  next 
paragraph,  will  prevent  any  confusion  in  tlie  bearings. 

Always  take  the  readings  &om  the  same  end  of  the  needle ; 
from  the  North  end,  if  the  North  end  of  the  compass  goes  ahead  ; 
and  vice  versa.  This  is  necessary,  because  tuo  two  ends  will  nut 
always  cut  opposite  degrees.  With  this  precautioa,  however,  the 
aziglie  of  two  meeting  lines  can  be  obtained  correctly  from  either 
endj  provided  the  same  one  is  used  in  taking  the  bearings  of  both 
the  lines. 

Guard  agmnst  a  very  frequent  source 
of  error  with  beginners,  in  reading  from 
the  wrong  number  of  tlie  two  between 
wlucb  the  needle  points,  such  as  reading 
M°  for  26°j  in  a  case  like  that  in  the 
figure. 
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Check  the  vibratiooa  of  the  needle  by  gently  raismg  it  oiF  tha 
pivot  80  as  to  touch  the  glaaSf  and  lettjn^  it  doim  again,  hj  the  &cr«w 
on  the  under  aide  of  tlie  box. 

Tha  compass  should  be  smartly  tapped  after  the  needle  boa 
settled,  to  destroy  the  effect  of  any  adhesion  to  the  pivot,  or  fiio 
tion  of  duat  upon  it. 

All  iron,  such  aa  the  chain,  &c.,  must  bo  kept  at  a  distance  from 
the  compass,  or  it  will  attract  the  needle,  and  cause  it  to  demte 
from  its  proper  direction. 

The  aurreyor  is  s&metimes  troubled  by  the  needle  refuMng  to 
traverse  and  adhering  to  the  glass  of  the  compass,  after  he  has 
briskly  wiped  thb  off  with  a  silk  handkerchief,  or  ifc  has  been  car- 
ried BO  as  to  rub  against  his  clothes.  The  cause  is  the  electricity 
excited  by  the  friction.  It  is  at  once  discharged  by  applying  a 
wet  finger  to  the  glass. 

A  compass  should  be  carried  with  lis  face  resting  against  Hie 
eide  of  the  surveyor,  and  one  of  the  aightg  hooked  over  his  arm. 

In  distant  surveys  an  extra  centre  pin  shoidd  le  carried,  (as  it 
is  rery  liable  to  injury,  and  ils  perfection  is  most  essential),  and, 
also,  an  extra  necd!c.  ^Vhea  tivo  such  are  carried,  they  should 
bo  placed  so  that  the  north  pole  of  one  rests  against  the  south  polo 
of  the  other. 

(239)  AVhen  the  magoetiam  of  the  needle  is  lessened  or  destroy- 
ed by  time,  it  may  be  renewed  aa  follows.  Obtain  two  bar  mag- 
nets. Provide  a  board  with  a  hole  to  admit  of  the  asisjBo  that  its 
collar  may  fit  fairly,  and  that  the  needle  may  rest  flat  on  .it,  -witb- 
out  bearing  at  the  centre.  Place  the  board  before  yoii,  with  the 
north  end  of  the  needle  to  your  right.  Take  a  magnet  in  each 
hand,  the  left  holding  the  North  end  of  the  bar,  or  that  which  has 
the  mark  across,  downwards  ;  and  the  right  holding  the  same  mark 
upwards.  Bring  the  bars  over  the  axis,  about  a  foot  above  it, 
without  approaching  each  other  within  two  inches: — bring  them 
down  vertically  on  the  needle,  (the  marks  aa  directed)  about 
an  inch  on  each  aide  of  its  axis  ;  slide  them  outwards  to  its  ends 
with  slight  pressure ;  raise  tlicmup;  bring  them  to  their  former 
poflition,  and  repeal  this  a  number  of  times. 
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(240)  Back  Sights,  To  test  the  aceuracj  of  the  bearing  of  a 
liae,  taken  at  ono  end  of  it,  set  up  the  compass  at  the  other  end, 
or  point  sighted  to,  and  look  back  to  a  to<I  held  at  the  first  station, 
or  point  where  the  compass  had  heva  placed  ori^ally.  The  read- 
ing of  the  needle  should  now  be  the  same  as  before. 

If  the  position  of  the  eights  had  been  Teveraed,  the  roadiag 
■would  be  the  lieverse  Bearing;  a  former  hearing  of  N.  30^  E. 
would  then  be  S.  30*^  W.,  and  bo  on. 


(2il)  Loral  aUraclloa.  If  tho  Baak-aight  does  not  agree 
■with  the  first  or  forward  sight,  thia  latter  must  be  taken  over  again. 
If  the  same  dlStrence  is  again  found,  thia  showa  that  there  ia  heal 
aiiraction  at  one  of  the  stations;  i.  e.  some  inSuence,  such  as  a 
Taas9  of  iron  ore,  ferruginoiiB  rocks,  &o. ,  under  ihe  Burfaco,  wliich 
ittracta  tho  needle,  and  makes  it  doviate  from  ita  usual  direction. 
Any  high  ohjectj-snch  as  a  house,  a  tree,  Ac,  haa  recently  been 
found  to  produce  a  aimilar  effect. 

To  discover  at  which  station  the  attractiou  esiats,  &et  the  com- 
,pea  at  scvcro!  intermediate  points  in  the  line  which  joins  the  two 
ion?,  tied  at  points  in  the  line  prolonged,  and  take  the  bearing 
of  the  line  at  each  of  thesi;  poinfa,  Tlie  agreement  of  sovcro!  of 
these  bearinga,  taken  at  distant  points,  ■^iU  prove  their  correctness. 
Otherwise,  set  the  compass  at  a  third  statioii ;  eight  to  «ach  of  the 
two  doubtful  ones,  and  then  from  tlicm  back  to  this  third  station. 
■  win  ehow  which  is  correct. 
When  the  difference  occurs  in  a  series  of  lines,  auch  as  around  & 
field,  or  along  a  road,  proceed  F'g-  ">□. 

thus.  Let  C  be  the  «tati<m  at  c  A 

which  tbe  back-Bight  to  B  dif-  ^ 
fers  from  tho  foresight  frc-m 
B  to  C.  Since  the  back-sight  from  B  to  A  ia  sapposfld  w  have 
agreed  with  the  foresight  from  A  to  B,  the  local  attraction  must  be 
lit  C,  and  the  forward  bearing  must  be  corrected  by  the  difference 
just  found  between  the  fore  and  back  sights,  adding  or  suhtractiiig 
it,  according  to  circiunstaDC'efl.   An  easy  method  is  to  draw  a 
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figure  for  the  case,  aa  inYig.  167.  In  i^T. 
it,  Bupposo  the  true  bearing  of  BC,  as 
given  ^3J  a  fore^iglit  from  B  to  C,  to  bo 
N.  40"^  E.,  lut  that  there  ia  local  at- 
traction at  C,  BO  that  the  neeille  is  drami 
aside  10*^,  an;!  points  in  tho  dire€tioa 
S'N',  instead  of  SN.  Tie  back-eight 
from  C  to  B  will  then  give  a  bearing 
of  N.  BO^  E. ;  a  difference,  or  correc- 
tion  for  the  next  fore-sight,  of  10^.  If  the  next  fore-sigjitj  from  C 
to  D,  be  N.  70'^  E,  this  10^  muat  he  subtracted  from  it,  making 
the  tiiie  fore-sight  N.  60^  E. 

A  general  rule  may  also  be  given.  Wlten  the  hacJisight  U 
greater  than  the  fore-eic/ht,  aa  in  tliia  case,  subtract  the  differcnco 
fi-om  the  nest  fore-sight,  if  that  course  oad  tho  preceding  one  have 
both  their  letters  the  same  (as  m  tliis  case,  both  being  N.  and  E.), 
or  both  their  letters  different ;  6v  add  the  difference  if  eltJier  th« 
first  or  last  letters  of  the  two  courses  are  different.  WJten  the 
back-sight  ia  less  than  the  fore-sight,  add  the  difference  in  the  case 
ia  Tvbich  it  has  just  been  directed  to  subtract  it,  aud  Buhti-act  it 
■where  it  Tvas  before  directed  to  add  it. 


(34£)  Angles  of  deDeclion.  ^VTien  tiie  compasa  indicates 
much  local  attraction,  the  difference  betiween  the  directions  ol 
twD  meeting  hnca,  (or  the  angle  of  deflection"  of  one  from  the 
other),  can.  still  be  correctly  mea^ll^ed,'^hy  taking  the  difference  of 
the  bearings  of  the  two  lines,  as  observed  at  the  same  poiot^  For* 
the  eiTor  caused  hj  the  local  attraction,  whatever  it  may  be,  affects 
both  bearings  equally,  inasmuch  as  a  ^'Bearing"  is  the  angle 
which  a  line  makes  with  the  direction  of  the  needle,  and  that  here 
remains  fixed  in  Bome  one  dircctioHj  no  matter  what,  during  the 
taking  of  the  two  bearings.  Thus,  in  Fig.  1G7,  let  the  true  bear- 
ing of  BC,  i.  e.  the  angle  which  it  makes  with  the  line  SN,  be,  aa 
before,  N.  40°  E.,  and  that  of  CD  60°  E.  The  true  "  angle 
of  deflection"  of  theso  lines,  or  the  angle  B'CD,is  therefore  20°. 
Now,  if  local  attraction  at  C  cauaca  the  needle  to  point  in  the  direc- 
S'N',  10°  to  the  left  of  its  proper  direction,  BC  will  hear  N.  50' 
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E.,  and  CD  70^  E,j  and  the  difference  of  tliese  beaoiaga,  i.  o. 
the  angle  of  deflection,  'Vfill  bo  the  eame  as  bofbre. 

(243)  Ing^les  between  Courses.  To  determine  the  angle  of 
deflection  of  two  couraca  meeting  at  any  point, the  following  simpla 
mica,  the  reaaona  of  which  flill  appear  firom  tbo  accompacyiag 
figures,  aje  sufficient;. 

Fig.  ICS. 

Case  1.  When  the  first  letters  of  the 
bearing  ire  alike,  (i.  c.  both  N,  or  both 
S.),  and  the  last  letters  alao  alike,  (i.  e. 
both  E.  or  both  W.))  take  tbo  difference 
of  the  bearings.  Example.  If  AB  bears 
N,  30^  E.  and  BC  beara  N.  10^  E.,  the 
angle  of  deflectioD  CBB'  U  20^. 


C^e  2.    When  the  first  letters  are 
alike  and  the  last  lottera  different ;  take 
-  thfl  sum  of  the  bearings.    SJx.  If  AB 
bears  N.  40^  E.  and  BO  bears  N.  20'^ 
W. ;  the  angle  CBB'  is  603. 


Case  3.    When  the  first  letters  are 
different  and  the  last  letters  alike,  sub- 
tract the  sum  of  the  bearings  from  180^. 
Ex.    If  AB  hears  N.  30^  E. 
bears  S.  40^  E. ;  the  angle  CBB 


N 


10 
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Vote  4.  "Wlien  both  the  first  and 
last  letters  are  different,  sabtraet  the 
difference  of  the  bearings  from  IM"^. 
Ec.  If  AB  bears  S.  S0°  W.  and  BC 
beara  N.  70=  E. ;  the  angle  CBB'  is 
140°. 


W  


If  tJie  angles  included  between  the  courses  are  dceired, 
ihej  will  be  at  once  found  by  reverBing  odo  bearing,  and  then  ap- 
plying the  above  rules  ;  or  by  subtracting-  the  results  ohtabied  as 
above  from  180'=  ;  or  an  analagoua  eet  of  rules  could  be  formed 
for  tliem. 


C211)  To  cliang'C  Bf  arings.  It  i£  cooTenjcut  in  certajn  cal- 
cuJations  to  suppose  one  of  the  lines  of  a  survey  to  cLjmgc  its  direc- 
tion m  as  to  become  duo  North  and  South ;  that  is,  to  become  a 
ii«w  Meridian  line.  It  is  then  DeceBsarj  to  det'erminc  tt-hat  the 
bearings  of  tho  Other  iiica  nill  be,  supposing  them  t*  change  -nitb 
it.  The  Bubjcct  may  ho  mado  plain  by  supposing  the  Biin-ey  to  be 
platted  in  tho  nsiia!  -n-ay,  with  the  North  uppeimost,  and  (he  plat 
to  be  then  turned  around,  till  the  line  to  be  changed  is  in  the  de- 
fiircd  direction.  The  effect  of  thia  on  the  other  linos  irill  be  readily 
eccn.    A  0meral  Rule  can  also  he  formed. 

Take  tho  difference  between  the  original  bearing  of  the  side 
which  becomes  a  Meridian  and  each  of  those  bearings  which  have 
both  their  letters  tho  same  as  it,  or  both  different  from  it.  Tho 
changed  bearingg  of  these  lincg  retain  the  same  letters  as  before,  if 
they  were  originally  greater  than  the  original  bearing  of  the  new  Me- 
ridian line  ;  but,  if  they  were  less,  they  are  tiirovm  on  the  Other  Bide 
of  the  N.  and  S.  Ime,  and  their  last  letters  are  changed ;  E.  being 
pt  for  W.  and  W  for  E. 

Talte  the  sii-^t  of  the  original  bearing  of  the  new  Mcridiaa  line, 
each  of  those  bearings  which  havo  ono  letter  the  same  aa  one 
iotter  of  the  former  bearing,  and  one  different.   If  this  Bum  exceeds 
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90^,  tMs  shews  -Jiat  the  line  is  thrown  on  the  other  side  of  thi 
East  or  West  point,  and  the  difference  hetweon  this  sum  and  180* 
will  be  the  new  bearing  and  the  first  letter  -will  be  changed,  N. 
IjL'in^  put  for  S.  and  S.  for  N. 

£mmplc.  Let  the  Beaiioga  of  the  sides  of  a  field  be  as  folloirs ; 
N.  32^  E. ;  N.  80^  E. ;  S.  48^  E. ;  &.  183  ;w'. ;  N.  73J^  W. ; 
Korth.  Suppose  the  first  aide  to  heconie  due  North ;  the  changed 
bearinsa  will  then  bo  as  follows  :  North  ;  N.  48o  E. ;  S.  80«  E. ; 
S.  14^  E. ;  S.  T4^^  W. ;  N.  32=  "W. 

To  apply  the  rule  to  the  "  North"  course,  us  above,  it  must  ba 
called  N.  0^  W. ;  and  then  by  the  Rule,  32^  must  be  added  to  it. 

The  tnie  beoringa  can  of  course  he  obtained  from  the  changed 
bcaruigs,  by  reversing  the  operation,  taking  the  suia  instead  of  the 
difference,  and  vice  versa. 


itiS)  Line  SurTrying^.  This  name  may  be  given  to  snrreya 
of  liaes,  such  as  the  ivindin^  of  a  brook,  the  curres  of  a  road,  &c., 
by  Tvay  of  distinction  from  Farm  Surveying,  in  which  thfl  linea 
surveyed  enclose  a  space- 
To  survey  a  Irooki  or  any  aimilar  lino,  aet  the  oompaas  at,  or 
near,  one  end  of  it,  and  take  the  hearing  of  an  imaginary  or 
visual  line,  rumiing  in  the  general  arerage  direction  of  the  brooks 


Fig-  172. 


Buch  as  AS  ia  Iho  figure,  Stleasore  this  line,  taking  oKets  to  the 
various  bends  of  the  brook,aa  to  the  fence  explained  in  Art.(|l5). 
Then  set  the  compass  at  B,  and  take  a  back-sight  to  A,  and  if 
they  agree,  take  a  fore-sight  to  C,  and  proceed  as  before,  noting 
particiihirly  the  points  where  the  line  crosses  the  brook. 
To  Boirey  a  roady  tako  the  bearings  and  lengths  of  the  linea 
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wlucli  cnii  be  most  conveniently  measureil  in  the  road,  and  m&* 
sure  O'^ets  on  each  siJo,  to  the  outside  of  tho  road. 

When  tho  line  of  a  new  road  is  Burveyed,  the  bearing  and 
lengths  of  the  varioua  poi'tiong  of  its  intended  centre  line  sliould  be 
measured,  and  the  distance  which  it  runs  throuf;b  each  man's  land 
sboiJd  l>e  noted.  Stones  should  "bo  get  in  thd  ground  at  recorded 
distances  from  each  angle  of  the  line,  or  iu  each  line  prolonged  s 
known  distance,  so  as  not  to  be  disturbed  in  making  the  road- 

In  surveying  a  river,  one  bank  may  be  surveyed  by  tho 
method  ju3t  given,  and  points  on  the  opposite  banks,  ss  tmnB,  ko., 
may  bo  fixed  by  the  method  of  intersections,  founded  on  the  Fourth 
Method  of  deteimining  the  position  of  a  point ;  and  fully  explained 
in  Part  IV. 

(246)  Checks  by  InlcrsccllD?  bearings.  At  each  atation  ai 
which  the  compass  is  set,  take  bearings  to  some  remarkablo  object, 
such  as  a.  church  steeple,  a  distant  house,  a  high  tree,  ^tc-  At 
least  three  bearings  should  bo  taken  to  each  object  to  make  it  of 
any  use ;  since  two  are  noceasary  tu  determine  it,  (by  out'  Fourth 
Method),  and,  till  thua  determined,  it  can  be  no  check.  "Whea 
the  Ibc  is  platted,  by  tho  methods  to  be  explained  in  the  mxi 
chapter,  plat  also  the  lines  given  by  these  bearings.  If  those  taken 
to  the  same-  object  from  three  different  stations,  intersect  in  the 
eame  point,  thh  proves  that  there  has  been  no  mistake  in  the  sur- 
vey or  platting  of  those  stations. 

If  any  bearing  docs  not  intei-sect  a  point  fixed  by  proi-ious  bear- 
ings, it  ehowa  that  there  has  been  an  error,  either  betiveen  the  last 
station  and  one  of  those  which  fixed  the  point,  or  in  the  lost  bear- 
ing to  the  point.  To  diacover  which  it  was,  plat  the  folloinag  lint 
of  tho  survey,  and,  at  its  extremity,  set  off  the  heaiing  from  it  to  the 
point ;  aaid  if  the  line  thus  platted  passea  through  the  point,  it 
proves  that  there  was  no  error  in  the  line,  but  only  in  tiie  bearing 
to  the  point.  If  otlierwisc,  tho  error  i>"aa  somewhere  in  the  lina 
between  the  staiions  from  which  the  bearings  to  that  point  wers 
taken. 
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(247)  KeepfPg  Xht  Ficld-noles.  The  simplest  And  eaa^at 
mttLod  for  a  beginner  is  to  make  a  rough  sketch  of  the  survey  by 
eyCf  and  write  dovm  on  the  lines  their  learings  aod  lengths. 

Aa  improvement  on  this  ia  to  actually  lay  down  the  precise  bear 
in^  and  lengths  of  the  lines  in  the  field-book  m  the  maimer  to  be 
explained  in  the  chapter  on  Flatting,  Art.  (2^9). 

(248)  A  tecond  method  is  to  draw  a  Straight  line  up  the  page 
of  the  field-book,  and  to  write  on  it  the  bearings  and  lengths  of 
th«  lines.  'Ilie  only  advantage  of  this  method  Is  that  the  line  will 
not  ran  n^Eftlie  sidt  of  the  page,  as  it  jg  apt  to  do  in  the  preceding 
methcd. 

(249)  A  (lunl  method  is  to  repraaeLt  the  line  surveyed,  by  a 
double  coIiiQin,  as  in  Part  II,  Chapter  1^  jVrt.  (95),  whith  should 
be  now  referred  to.  The  bearings  are  written  obliquely  up  the 
eoiumns.  At  the  end  of  each  course,  its  length  is  written  in  the 
oolumu,  and  a  line  drawn  across  it.  Dotted  lines  are  drawn  across 
the  column  at  any  intermediate  mcasoretneat.  Offsets  are  noted 
as  exitlnioed  in  Art.  (114). 

The  interaection-bearings,  described  in  Art.  (?16),  should  be 
entered  m  the  field-book  before  the  bearings  of  the  Uue^  in  order 
to  avoid  mistakes  of  platting,  in  setting  off  the  measured  distances 
oa  the  ■wrong  line. 

(2iO)  A  fourth  method  ia  to  write  the  Stations,  Bearings,  and 
Diatanees  in  three  culumaa.  Thia  is  compact,  and  has  the  advan- 
tage, when  applied  to  farm  surveying,  of  presenting  a  form  suitabla 
for  the  aubseqnent  calculations  of  Content,  but  does  not  give  facili- 
ties for  noting  o^ts. 

Examples  of  these  four  methods  are  given  iu  Art.  (251)  ;  which 
Bontaina  the  field-notes  of  the  lines  bounding  a  field. 

(231)  Scw-T'Ork  f  anal  Alaps.  The  fcUowing  is  a  dcacription 
of  the  original  raapa  of  the  survey  of  the  line  of  the  Kew-York  Erie 
Canal,  as  published  by  the  Canal  Comnussioners.  The  figure 
rcprescnbs  a  portion  of  such  a  map;  but,  necessarily,  with  all  its 
lines  black ;  roi  and  blue  llnca  being  used  on  the  real  map. 
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"  The  Ued  Line  described  along  the  inner  edge  of  the  towing 
path  ia  the  base  Une,  upon  wluch  all  the  measuremente  in  the  direc- 
tion of  the  length  -of  the  canal  were  made.  The  hearings  refer  to 
the  ma^etic  meridian  at  the  time  of  the  survey.  The  hngtlti  of 
the'  scYeral  portions  are  inserted  at  tho  end  of  each,  in  chains  and 
liaka.  The  offsets  at  each  Station  are  represented  by  ted  Uiiea 
drawn,  across  the  canal  in  such  a  direction  as  to  bisect  the  angles 
formed  by  tho  two  coutiguoug  portions  of  the  red  or  base  line,  upon 
the  towing  patb.  The  intcnuediito  offijota  are  set  off  at  right  angles 
bo  tho  baae  line  ;  and  the  distances  on  both  are  given  from  it  id 
links.  The  intermediate  vffaett  aro  ropresontcd  by  red  di>tted  Unei, 
md  tho  distancea  to  them  upon  the  base  lino  arc  rocliotied,  in  each 
C&se,  from  the  last  preceding  atation.  The  Bame  ia  likewise  dono 
with,  tho  other  distances  upon  the  base  line ;  those  to  the  Bridga 
being  taken  to  the  lines  joiniag  the  nearest  angles,  or  corner  jK»st3 
of  their  ahutinenta ;  those  to  the  Loeks  extending  to  the  lines  pass- 
ing through  the  centres  of  the  two  nearest  quoin  posts;  and  thosa 
to  the  Aquedueta,  to  the  faces  of  their  abutments.  The  spaco 
enclosed  by  the  Blub  Line3  represents  the  portion  embraced  Trith- 
in  tho  liinita  of  the  survey  aa  belonging  to  the  state  ;  and  the  names 
of  the  adjoining  proprietors  are  given  as  they  stood  at  the  time  of 
executing  the  Burrey,  The  distances  are  projected  upon  a 
of  two  chains  to  the  inch," 

(253)  Farm  Snrvcying.  A  farm,  or  field,  or  other  apace  in- 
cluded within  known  liaies,  la  usually  surveyed  by  the  compass 
thus.  Begin  by  walking  around  the  boundary  lines,  and  Betting 
fitakca  at  all  the  comers,  which  the  Bag-man  should  specially  note. 
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8J  Aat  he  may  readilj  find  them  again.  Then  set  the  compii33  ai 
my  cornor,  and  send  the  flag-man  to  the  nest  corner.  Take  tha 
bearing  of  the  liOTrnding  line  nmnlng  from  comer  to  comer,  wHch 
is  usually  afencc.  Measure  Its  length,  taking  o^ta  if  necessary. 
Note  where  anj  oUicr  fence,  or  rood,  or  other  line,  crosses  or  meeta 
it,  and  tako  their  hearings.  Take  the  compasa  to  the  end  of  thia 
firet  hoondiDg  lino  ;  sight  lack,  and  if  the  bock-dght  agrees,  take 
the  bearing  and  diatanco  of  the  nest  bounding  lino  ;  and  bo  proceed 
till  70a  have  got  back  to  tho  point  of  starting. 

(253)  Where  gpeed  ia  mOrO  ba^rtant  than  acilarac/  in  a  aiir- 
vej,  'n'hether  of  a  line  or  a  furm,  tl^e  Compass  need  be  set  OiJj  ftt 
every  other  station,  taking  a  fonrard  sight,  from  iho  1st  etatiou  to 
the  2d  ;  thca  setting  tho  comp^i^  at  the  3d  at^ition,  taking  a  back- 
Bi^ht  to  the  2d  station  (but  ^th  the  north  point  of  the  compass  al' 
ways  ahead),  and  a  fore-dght  to  the  4th ;  thcii  going  to  tho  5th, 
and  so  on.   Thia  is,  hoTever»  not  to  be  recommended, 

FicM-IlOlf!.  The  Field-notea  of  a  Farm  sorvey  raay  be 
kept  by  any  of  tha  methods  which  have  been  described  with  ^efe^ 
eoce  to  a  Lino  survey.  Below  are  given  tho  FieM-notea  of  the 
earn?  field  recorded  by  each  of  the  methods. 

I'irst  Method. 

Fig.  175, 
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(,J55)  Hie  Field-notGB  of  a.  field,  in  wLich  offaota  cccur,  may  ba 
mcst  easily  recorded  bj  the  Third  Method;  M  in  Fig.  176. 

'ffhen  tho  Field-Eotca  aru  recorded  by  tlie  Fourth  Method, 
the  oEfecta  may  bo  kept  ia  a  Beparate  Table;  in  rbich  the  Ist 
co.iimn  will  coutain  iho  stations  from  which  the  tacMwenients  ara 
Blade,  tho  2d  column  the  distances  at  wbicli  they  occur,  the  3d 

■  In  till'  "  Third  Melhoil,"  llio  (jeariiigi  dhmiM  bo  wrill'pn  oblioiielv  upward, 
M  dirccU'll  ill  All,  (^iV)  but  ftc)  not  «o  pniLlcd  here,  frum  tjiiDgrBpLiciU  diifi 
tall  in. 


column  the  Icngtlis  of  tie  offisets,  and  the  4th  column  tte  side  of 
the  line,  "  Right,"  or  <'  Left,"  on  which  ttey  lio. 

For  calculation,  four  more  columns  may  he  added  to  tlio  tahle, 
containiDg  the  int«r\'al3  between  the  oSseta ;  tho  sums  of  tho 
Bdjoining  piurs  ;  and  the  products  of  tho  numbers  in  the  ttro  pre* 
ceding  columns,  separated  into  Right  and  Left,  one  being  additivj 
to  the  field,  ond  the  other  subtractiTe. 

(256)  TeslS  of  accaracf.  lat.  The  check  of  intellections  da^ 
ecribed  in  Art.  (216),  may  be  emplojed  to  great  advaatagu,  when 
EOme  conspicuous  ohject  near  the  centre  of  the  farm  can  he  seen 
from  most  of  its  comers. 

2Qd.  "When  the  survey  is  platted,  if  the  last  course  meets  the 
starting  point,  it  proves  the  work,  and  the  sarvQj  h  ttien  said  to 
"  close.'* 

3d.  Diagonal  lines,  running  from  comer  to  comer  of  tho  farm, 
like  the  "  Proof-linos**  in  Chiun  Surveying,  may  he  measured  and 
theii'  bearings  taken.  When  these  are  laid  down  on  the  yilat,  their 
meedng  the  points  to  which  they  had  been  measured,  pravca  the 
work. 

•1th.  Tho  only  certain  and  precise  test  is,  however,  that  by 
*'  Latitudes  and  Departures."  This  is  fully  explained  in  Chapter 
V,  of  this  Part. 

(237)  A  very  fallacious  test  la  recommended  by  several  writcra 
cn  this  subject.  It  is  a  well-known  proposition  of  Geometry,  that 
in  any  figure  bounded  by  straight  lines,  the  sum  of  all  the  interior 
anglea  la  equal  to  twice  as  many  right  angles,  as  the  figure  has  «idea 
less  two ;  since  the  figure  can  be  divided  into  that  number  of  tri- 
angles. Hence  this  conamon  rule.  "  Calculate  [by  the  last  para- 
graph of  Art.  (2i3)]  the  interior  angles  of  the  field  or  farm  siuv 
veyed  ;  add  them  together,  and  if  their  sum  equala  twice  as  many 
right  angles  as  the  figure  has  sides  less  two,  the  angles  have  been 
correctly  measnrcd."  This  rule  is  «£>(  applicable  to  a  compass  &\ir- 
Tey;  for,  in  Fig.  167,  page  144,  the  mterior  angle  BCD  will  con- 
tain tlie  same  number  of  degrees  (in  that  case  160'^)  whether  the 
bearings  of  the  sides  have  been  noted  correctly,  as  being  tli« 
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acglca  Tvbieli  tLey  make  TitL  NS — or  incorreciljr,  aa  being  tlia 
angles  ■vv-hick  thej  make  with  H'S'.  lius  rule  -n-ould  therefora 
proT«  tlie  vork  in  cither  case. 

(258)  method  of  RadiaClOQ.  A  jiildmay  le  evrvei/ed  from 
one  itctthn^  eitlier  Ulithi?t.  it  or  without  it,  by  takiug  tlio  bearings  and 
the  diatancca  ftom  diat  point  to  each  of  the  comers  oF  the  field. 
These  corners  are  thea  "  deteltmaed,"  by  the  3d  method.  Art.  (7). 
This  modificati&n  of  that  method,  we  named,  in  Art.  (220)j  the 
MeOiod  of  Radiation,  All  our  preceding  fiuiTejB  with  tbo  c&in- 
poBS  ha7€  been  by  the  McOiod  of  J^roffreaeion. 

Ihi  conapasa  may  be  set  at  one  comer  of  the  field,  or  at  a  point 
in  one  of  its  eides,  £uid  the  same  method  of  Radiation  employed. 

Ibis  method  is  seldom  used  how^ever,  since,  unlike  tbo  method 
of  Progression,  its  operations  are  not  checks  upon  each  other. 

(259)  Hctb»d  of  IntersccdoD.  A  field  nay  also  le  surveyed 
by  measuring  a  lasc  line,  citbcr  iiiitliin  it  or  i>*ithout  it,  setting  tho 
compass  at  each  end  of  the  base  line,  and  taking,  from  each  end, 
the  bearings  of  each  comer  of  the  field ;  wbicb  ivill  then  be  fixed 
and  determined,  by  tho  4th  method,  Art.  (8),  This  mode  of  aur- 
Teying  ia  the  Method  of  Intersections,  noticed  in  Art.  (220).  It 
will  be  fully  treated  of  in  Part  V,  under  tbe  title  of  Triangular 
SurrcjflDg. 

(260)  Ruanlog  ont  old  lines.  Tbe  original  surreya  of  landa 
in  tbe  older  States  of  tho  American  Union,  irere  exceedingly  defi- 
cient in  precision.  This  aroso  from  two  principal  causes ;  the  small 
Talue  of  land  at  the  period  of  these  surveye,  and  the  want  of  skill 
in  the  gurFeyora.  Tbe  effect  at  the  present  day  is  frequent  disaat- 
bfaction^d  litigation.  Lota  sometimea  contain  more  acres  than 
they  ivere  sold  for,  and  eomctimea  leas.  Linos  which  are  straight 
in  tbe  deed,  and  on  tbe  map,  are  found  to  be  crooked  on.  tha 
ground.  ITie  recorded. surveys  of  tivo  adjouung  farms  often  make 
one  overlap  the  other,,  or  leave  a  gore  bctivecn  them.  The  moat 
difficult  and  delicate  doty  of  tbe  land-survoyor,  is  to  run  out  thesa 
dd  boundary  lines.    In  such  cases,  his  first  business  ia  to  find 
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tnonmnenta,  Btones,  marked  trees,  stumps,  or  ajiy  otLer  old  "  coi> 
nerSj"  or  laatlmarks.  Tliesc  are  his  startiiig  points.  The  owners 
wUose  lands  joia  at  these  corners  should  agree  on  them.  Old 
fences  most  generally  be  accepted  by  right  of  posscsaion  ;  though 
such  questions  belong  rather  to  the  lawyer  than  to  tlie  surreyor.* 
HU  business  b  to  mark  owl  on  the  ground  the  lines  given  in  the 
deed.  When  tJie  bounds  are  ^ven  by  compass-bearings,  die  sup- 
▼eyor  raiiBt  be  remmdcd  that  these  bearings  are  very  fiir  from  being 
the  same  now  as  originally,  haiing  been  changing  every  year. 
The  method  of  determining  this  important  change,  and  of  making 
the  proper  alloiriuice,  will  be  found  in  Chapter  "VTII,  of  this  Part. 

<26l)  Town  Sarreyiop.  Be^n  at  the  meeting  of  two  or  moro 
of  the  principal  streets,  througli  which  yon  can  have  the  longest 
prospects.  Having  fixed  the  instrument  at  that  point,  and  taken 
the  bearings  of  all  thQ  streets  issuing  from  it,  measure  all  these  lines 
Trith  the  chain,  taking  oS^ets  to  all  the  comers  of  streets,  lanes, 
bendings,  or  windings ;  and  to  oil  remarkable  objects,  as  churches, 
markets,  public  buildings,  &c.  Iheu  removo  the  instroMcnt  to 
the  next  street,  take  its  bearings,  and  measujo  along  the  Street 
before,  taking  ofi&eta  as  jm  go  along,  with  the  offeet-etaff.  Proceed 
m  tlus  manner  ffom  sti'tiet  to  street,  measuring  the  distances  and 
offseta  as  you  proceed. 

Fig.  177. 


*  "  In  ihb  dMcriptioii  of  lanil  ponTfljeilr  t'^^  njle  ii,  )!iat  known  snil  irnii  vscm- 
flnmu  conlnl  eODnea  and  diilnncei.  So,  tha  cettaiaty  of  raet^i  and  boimiJs  will 
iBclode  aod  pau  all  the  lands  wiiiiin  ihem.  ilioagii  ilipy  vnry  rrom  ilie  Given 
qnuilily  eaprewpd  in  llie  deed.  In  New-York,  to  remove,  deface  or  alter  land- 
narki  moiiciooalj'i  ia  an  tuJicuble  ofleoce." — Knu't  CotnmciUariet,  IV,  ilZ 
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Thus,  in  the  fi^re,  fix  tlie  instrument  at  A,  and  moaBure  lines 
in  the  direction  of  all  the  streets  meeting  there,  noting  their  heap* 
inga ;  then  measure  AB,  noting  the  fitreets  at  X, X.  At  tlie  second 
etation,  B,  take  the  bearings  of  all  the  streets  wliicli  meet  there  ; 
and  measure  from  B  to  C,  noting  the  places  and  the  bearings  of 
all  the  cross-streets  as  jou  pass  them.  Proceed  in  hkc  manner 
from  C  to  D,  and  from  D  to  A,  "  closing"  therc^  as  in  a  larm  s\i> 
vej.  Having  thus  surveyed  all  the  principal  streets  in  a  particu- 
lar neighborhood,  proceed  then  to  survey  the  Bmaller  intermediate 
streets,  and  last  of  all,  the  lanes,  aUejs,  courts,  yards,  and  every 
other  place  which  it  may  be  thought  proper  to  represent  in  the 
plan.  The  scvor^  cross-streets  answer  as  good  check  lines,  to 
prove  the  accuracy  of  the  work.  In  this  manner  you  continue  till 
you  take  in  all  the  town  or  city, 

(262)  Obstacles  In  Compass  Sarvcyia^*  The  various  obsta- 
cles which  may  be  met  with  in  Compass  Surveying,  such  as  woods, 
water,  houses^  &c.>  can  be  overcome  much  more  easily  than  in 
Chain  Surveying.  But  as  some  of  the  best  mctliods  for  cBTccdng 
tiua.  involve  principles  which  have  not  yet  been  fully  developed,  it 
will  he  better  to  postpone  givhig  any  of  them,  till  they  can  ho  all 
treated  of  together ;  ■wluoh  will  be  done  In  Part  VII. 
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FLmiKG  THE  SCRTET. 

(263)  The  platting  of  a  survey  made  with  the  3ompasa,  conaisti 
in  drawing  on  paper  the  lines  and  tKo  angles  wbicli  have  been 
meEtdured  on  tho  ground.  The  lines  arc  drawn  "  to  scale,"  as  haa 
been  fully  explained  in  Part  I,  Chapter  III.  Tho  manner  of  plat- 
ting angles  waa  referred  to  in  Art.  (11),  but  its  explanation  ban 
be«n  rcsened  for  this  place. 

(261)  With  A  FrAlraCll>r.  A  Protractor  is  an  inatnuneat 
inade  for  ihia  object,  and  is  usually  H.  seimcircle  of  bmss,  as  in  tho 
figure,  with  ita  S'emi-circuinference  dirided  into  180  equal  parts,  or 

Fig.  178. 


degrees,  and  mimbere<I  iu  both  diroctiona.  It  la,  in  fact,  a  mimar 
ture  of  the  instnimenfc,  (or  of  half  of  it),  with  which  tho  angles 
haTo  been  measured.  To  lay  oiF  any  angle  at  any  point  O'f  & 
Btr^ght  line,  place  the  Protractor  bo  that  its  Btraight  side,  tbo 
diameter  of  the  semi-circle,  b  on  the  given  line,  and  the  middle  of 
thia  di&meter,  wMch  i^  marked  by  a  notch,  is  at  tbe  given  point. 
With  a  needle,  or  eharp  pencil,  make  a  marl:  on  tlie  paper  at  tho 
required  number  of  degrees,  and  draw  a  line  from  the  mai'k  to  the 
given  poiuL 
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Sometimea  the  protractor  lias  an  arm  turning  on  its  centre,  and 
extondlng  bejond  Its  circumference,  so  that  a  line  can  be  at  once 
drawn  by  it  when  it  la  set  to  the  desired  angle.  A  A''cniler  scale 
is  Bometimes  added  to  it  to  increase  its  precision. 

A  Rectangular  Protractor  is  sometimes  used,  the  divisions  of 
dogrcea  being  engraved  along  tbr&e  iOdges  of  a  plane  Bcale.  The 
Beim-circular  one  is  preferable.  The  objeetioB  to  the  rectangular 
protractor  19  that  the  division  correspondmg  to  a  degree  is  very 

Fig.  179. 
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unequal  on  different  parts  of  the  Bcale^  bemg  uaualljr  two  or  three 
times  aa  great  at  its-  ends  aa  at  ita  middle. 

A  Protractor  embracing  an  entire  circle,  witli  arms  carrying 
vcmiera,  is  also  sometimea  emplojed,  for  the  sake  of  greater  accu- 
racy. 


(265)  Plaltlns  Bcarin?g4  Since  "  Bearings"  taken  with  tho 
Compass  are  tho  angles  which  the  various  lines  mahc  ■with  the 
Magnetic  Meridian,  or  the  direction  of  the  compaaa-needle,  whicli> 
as  we  have  seen,  remama  always  (approximately)  panJlel  to  itself, 
lb  ia  necessary  to  draw  these  meridians  through  each  station,  before 
laying  off  the  angles  of  the  bearinga, 

The  T  Btiuare,  shown  in  J'ig.  14,  b  the  most  convenient  instru- 
ment for  this  porpoac.  The  paper  on  ivliich  the  plat  is  to  be  made 
13  faatencd  on  the  board  so  that  the  intended  direction  of  the 
North  and  South  lino  may  be  parallel  to  one  of  tho  aides  of  the 
board.  The  inner  side  of  the  etock  of  the  T  square  being  pressed 
Bgainst  one  of  the  other  sides  of  the  board  and  shd  fdong,  the  edge 
of  the  long  blad^  of  tlii^  square  will  always  bo  parallel  to  itself  and 
lo  the  first  named  side  of  the  board,  and  w31  thus  represent  the 
meridiaa  passing  through  any  station. 
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If  a  straight-eilged  drawing  ^'i- 
board  or  talle  cannot  le  pn> 
cured,  nail  doTvn  ou  a  table  of 
any  shape  a  straiglit-edged  ru- 
ler, and  slide  along  agmst  it 
the  outside  of  the  etock  of  a  T 
square,  one  side  of  the  etock 
leing  fluali  with  tho  Hade. 

A  parallel  niler  may  also  be 
used,  one  part  of  it  boing 
screwed  domi  to  the  board  in 
the  proper  position. 

If  none  of  these  mtms  are  at  hand,  af  prosimately  parallel  meri- 
dians may  be  drawn  by  the  edges  of  a  common  ruler,  at  distances 
apart  equal  to  its  width^  and  the  diameter  of  the  protractor  made 
parallel  to  them  by  measuring  equal  distances  bctsvcen  it  and  them. 

(266)  To  plat  a  survey  ytifch  these  instramenUi  mark,  with  a  fine 
proint  enclosed  in  a  circle,  a  conTCnient  spot  in  the  paper  to  repre- 
•ent  the  first  station,  1  In  the  figure.    Its  place  must  be  so  choaeu 


Fig.  181. 
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that  tlie  plat  may  not  "  run  off"  tho  paper.  With  tlie  T  squaro 
draw  a  mendian  througt  it.  The  top  of  the  paper  is  usiialliy, 
though  not  neccsaarily,  callcil  North.  With  the  protractor  lay  off 
tho  angle  of  the  first  hearing,  as  directed  in  Art.  (261).  Set  off 
the  length  of  the  first  Ime,  to  the  desired  scale,  by  Ai-t.  (42),  from 
1  to  2,    The  line  1  — 2  represents  the  first  course. 

Through  2,  draw  another  meridian,  lay  o5"  the  angle  of  the 
second  course,  and  set  off  the  length  of  this  coorae,  from  2  to  3. 

Proceed  ui  like  manner  for  each  course.  When  the  loat  course  is 
platted,  it  should  end  precisely  at  the  starting  point,  as  the  survey 
did,  if  it  were  a  closed  sarvey,  aa  of  a  field.  If  the  plat  does  not 
"  close,"  or  "  come  together,"  it;  ahowa  some  error  or  Inaccuracy 
either  in  tho  origmal  survey,  if  that  have  not  been  "  tested"  hy 
Latitudes  and  DepartnreSt  or  in  tho  work  of  platting.  A  method 
of  correction  is  explained  in  Art.  (2-ft8).  The  plat  here  given  is 
the  same  aa  that  of  Fig.  175,  page  151. 

This  manner  of  laying  down  the  directions  of  lines,  by  the  angles 
which  they  make  with  a  meridian  line,  has  a  great  advantage,  in 
both  accuracy  and  rapidity,  over  the  method  of  platting  lines  by 
tho  angles  which  each  makes  with  the  line  'which  comes  before  it. 
In  the  latter  method,  any  error  in  the  direction  of  one  line  makes 
all  that  follow  it  also  WTong  in  their  directionfl.  In  tho  former,  tho 
direction  of  each  Lao  is  independent  of  the  preceding  line,  though 
its  position  would  be  changed  by  a  preTiona  error. 

laatcaJ.  of  drawing  a  meridian  through  each  station,  sometimes 
only  one  is  drawn,  near  the  middle  of  tho  sheet,  and  all  the  bear- 
ings of  tho  eurvey  arfc  laid  off  from  some  ono  point  of  it,  as  shown 
in  the  figure,  and  numbered  to  correspond  with  the  etationa  from 
which  these  bearings  were  taken.  The  circular  protractor  is  conve- 
nient for  thia.  They  are  then  transferred  to  the  places  whore 
they  are  wanted,  by  a  triangle  or  other  parallel  ruler,  as  explaiiicd 
on  page  27.  The  figure  at  tho  top  of  tho  next  page  reprcsenba 
&.e  Bamo  field  platted  by  thid  method. 

A  semi-circular  protractor  is  BomctLmea  attached  to  the  stock 
end  of  the  T  sq^uare,  SO  that  ita  blade  may  be  set  at  any  desired 
angle  with  the  meridian,  and  any  bearing  bo  thus  protracted  witl> 
out  drawing  a  meridian-    It  has  some  inConreniencQs. 
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(367)  Tte  Compasa  itself  may  bo  used  to  plat  bearinga.  For 
ItiB  purpose  it  must  "be  attached  to  a  srjuare  board  so  that  the  N 
and  S  lino  pf  the  compass  box  may  ho  paratlel  to  two  oppoaite 
edges  of  the  board,  This  is  placed  on  the  paper^  aud  the  bos  is 
turned  till  the  needle  points  as  it  did  vfhen  the  firat  bearing  was 
takeoK  Then  a  hue  drawn  by  one  edge  of  tLc  board  will  be  in  a 
proper  direction.  Alark  off  its  lengtb,  and  plat  the  next  and  tlie 
BQccecding  beaiinga  in  the  smio  manner. 


(268')  When  the  plat  of  a  aurvey  does  not  "  dose,"  it  may  be 
corrected  as  follows.    Let  Fig,  183- 

ABCDE  be  the  boundary  S' 
lines  platted  according  to  ^^"^^"^--^^ 
the  giren  boarmga  and 
distances, and  suppose  that 
the  laat  course  comes  to  E, 
instead  of  encHng  at  A,  as 
it  should.    Suppose  also 
that  there  is  no  reason  to  ^ 
Bospcct  any  single  great 
error,  and  that  no  one  of  the  imea  was  mcaaured  over  very  rcugO 
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gi-oimil,  or  was  specially  unccrtaia  ia  its  direction  ivhcn  observed. 
The  iriaccurac/  laiist  th&n  be  distributed  among  all  the  lines  in 
1>it)porthn  to  their  lengili.  Each  point  in  the  figure,  E,  C,  I>,E,inuat 
(kj  moved  la  a  direction  parallel  to  EA,  by  a  certain  iliataQce  ivhich 
is  obtained  thus,  Muldplj  the  distance  EA  bj  tlie  distance  AB, 
and  divide  the  sum  of  all  iLo  courseB.  The  quotient  will  bo  the 
distance  BB'.  To  get  CC'»  multiply  EA  by  AB  +  BC»  and  divide 
the  product  by  the  same  sura  of  all  the  courses.  To  got  DD',  mul- 
tiply EA  by  AB  +  BG  +  CD,  and  divide  as  before.  So  for  any 
course,  multiply  by  the  snm  of  the  lengths  of  that  course  and  of  all 
those  precetUng  it,  and  divide  as  before.  Join  the  points  thua 
obtained,  and  the  closed  polygon  AE'C'D'A  will  tliua  he  farmed, 
and  will  be  the  mozi  probable  plat  of  tlie  given  survey.' 

Tlie  method  of  Latitudes  and  Departures,  to  be  explained  lier&- 
after,  is,  however,  the  best  for  effecting  tliia  object. 

(26fl)  Field  Plaiting.  It  is  fiomctinaca  desirable  to  plat  the 
couraea  of  a  survey  io  the  field,  aa  soon  a9  they  arc  taken,  £i3  was 
mentioned  in  Art.  (21J))  under  the  head  of  '*  Keepiag  the  fiold- 
Qotca."  One  method  of  doing  tliis  is  to  Lave  tlie  paper  of  the 
Field-book  ruled  with  parallel  lines,  at  unequal  distincea  apart, 
and  to  use  a  rectangular  pi-o-  pj^.  ig4. 


tractor  (which  may  be  made 
of  Bristol-board,  or  other  stout 
dramng  paper,)  with  lines  rul- 
ed across  it  at  equal  distances 
t>f  some  fraction  of  an  inch.  A 
bearing  having  been  t[J;en  and 
noted,  the  protractor  13  laid  on 


 ^  J 

 i 

1 

90'  1 

— - — .  

3  ' 
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the  paper  and  its  centre  placed  at  the  stataon  where  the  bearing  is 
to  be  laid  off.  It  ia  then  turned  till  one  of  its  cross-lines  coincides 
with  eoine  one  of  the  linca  on  the  paper,  ^bich  represent  East  and 
West  liues.  The  long  aide  of  tho  protractoi  mil  then  be  oa  a 
meridian  !uid  the  proper  angle  (40°  iji  tho  figiire)  can  be  at  once 
marked  off.  The  length  of  the  course  can  also  bo  set  off  by  the 
Bfjiul  spaces  between  tho  crosa-lincs,  letting  each  apace  represeiil 
any  convenient  number  of  links, 

•  Tliia  YVHB  ileiuouilrnled  by  Dr.  Bowbitch,  \a  No.  \,  of  "  Tbe  AnaiyiL'" 
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(270)  A  common  rectangular  protractor  wltliout  any  cross-lines, 
or  a  smi-clrciJaroiic,  can  also  Ffg._ift3. 
be  used  for  t!ic  same  purpose. 
The  parallel  lines  on  the  paper 
(which,  in  thia  method,  may 
bo  eqiii-distant,  as  lu  common 
ruled  writing  paper)'  will  now 
ropregent  meridians.  Place 
tho  centro  of  the  protractor 
on  the  meridian  nearest  to  the 
station  at  which  the  angle  is  to 
be  laid  off,  and  turn  it  till  the 
given  number  of  (legreca  h  cut  hy  tho  meridian.  Slide  the  pro- 
tractor up  or  down  the  meriilian  (which  must  condiiuQ  to  pasa 
through  the  centre  and  "the  proper  degreo)  tUl  its  edge  passes 
through  the  station,  and  then  draw  by  litis  edge  a  lino,  which  n-ill 
have  the  hearing  required. 


(271)  Paper  ruled  into  iquaree,  (as  are  stimetimpq  the  right- 
hand  pages  of  aurveyora'  Eeld-books),  may  bo  used  for  platting 
bearings  in  tlie  field.  Tlio  lines  running  up  the  page  maybe  called 
North  and  South  luies,  and  those  running  across  tho  page  will  then 
be  East  and  Weat  Uncs.  Any  cornice  of  the  Bun'ey  will  bi>  the 
hypotlteniiae  of  a  rightrangled  triangle,  and  tho  ratio  of  its  other 
two  sides  will  determine  the  Ffa-iB& 


angle.  Thus,  if  the  ratio  of 
the  two  sides  of  the  right-an- 
gled triangle,  of  which  the  lino 
AB  in  the  figure  is  tho  hypoth- 
enuse,  b  1,  that  line  makes  an 
angle  of  45°  with  the  meiidiau. 
If  tho  ratio  of  the  long  to  the 
ihort  side  of  the  right-angled 
triangle  of  which  the  line  AC 
ts  tho  hypothenuso,  is  4  to  1, 
the  line  AC  mokes  an  angle 
of  14'  with  the  meridian-   The  liao  AD,  the  bypotheause  of  aa 
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equal  triangle,  ivhicli  baa  ita  long  side  Ijiug  East  aud  West,  mates 
likewise  an  an^lo  tif  with,  that  aide,  and  therefore  mnkes  an 
angle  of  7 li^  with  the  meridian.' 

To  facilitate  tlio  use  of  tliis  method,  tlte  fullowing  tal>lc  Las  b^n 
prei>ared. 

TABLE  FOR  PLATTrKQ  BY  BaUARES. 


a-  ■ 

_D  £ 
•< 

■burl  Bide. 

3 

u 

ll 

—  a 
■< 

lo 

57  .it  to  1 

yy° 

28.8  to  1 

88° 

30 

19A  U>  1 

87° 

40 

14.3  to  1 

86'^ 

6^ 

11,4  tg  1 

85° 

6° 

9.5  to  1 

84° 

8.1  to  1 

8S0 

go 

7.1  lo  1 

82° 

9° 

G.3  tol 

81° 

10° 

5.7  to  1 

80= 

U'^ 

5.1  to  1 

7Q=> 

12° 

4.y  lo  1 

78° 

13° 

4.3  to  1 

77° 

14' 

4.0  to  1 

70° 

15= 

3.7  to  1 

75° 

T — 

h 

Itull-j  llf 

?  ^ 

D  * 

thort  tide. 

iL  C 

10^ 

3.4!)  to  J 

74- 

17° 

3,27  to  1 

7 

3^- 

18'^ 

3.08  to  1 

72^ 

190 

2.90  10  1 

71° 

20^ 

2,76  to  1 

7 

21° 

2,61  to  1 

6&° 

220 

2.48  to  1 

2.3G  to  I 

67° 

2.i25  to  I 

66° 

25° 

2.14  lo  1 

65° 

20=' 

2.05  to  1 

64^ 

27° 

1,90  to  1 

28° 

1.88  to  1 

02° 

23^' 

1.80  to  1 

610 

30O 

1.73  to  1 

60= 

¥ 

KAtio  of 

Ion.;  lUo  to 

fi 

theft  Aie. 

31° 

L(i64  to  1 

32° 

1.600  lo  1 

58^ 

33° 

1.540  to  1 

57° 

34° 

1.483  to  1 

56° 

35^ 

1.428  to  1 

55° 

36^ 

1.370  to  ] 

540 

37° 

l.a27  to  1 

.iS^ 

38° 

1.280  to  ] 

52° 

39° 

1,235  tQ  1 

51° 

40° 

1.192  (0  1 

50° 

41° 

1.150  lo] 

49° 

420 

\.\\\  to  1 

48° 

430 

1.072  to  1 

47° 

HO 

1.03G  ro  1 

40^ 

1.000  tfl  1 

4fio 

To  use  tliia  table,  find  in  it  tLe  ratio  corresponding  to  the  ttagto 
■which  you  wish  to  plat.  ITicn  count,  on  tlie  ruled  paper,  anj 
number  of  sfjuarea  to  the  right  oi'  to  the  Icf^  of  the  point  wliicb 
represents  tibe  station,  according  as  jour  bearing  waa  East  or  West; 
and  coun  t  upward  or  downTrard  according  aa  jour  bearing  was  North 
or  South,  the  number  of  squares  given  by  uinltiplying  tlie  fifst  num- 
ber by  the  ratio  of  the  Table.  Thus ;  if  the  given  bearing  from  A 
in  the  figure,,  -was  N.  20-^  E.  and  two  squares  ivero  counted  to  the 
right,  then  2  x  2.75  =  5  J  squares,  should  he  eovmted  upward,  to. 
E,  and  AE  would  be  tho  rctjuireii  courae. 


(272)  WJlh  s  pa|>cr  protractor.  Engraved  paper protraetorfl 
piay  be  obtained  fTOCQ  ttio  iiistrameiit-niakerg,  and  are  very  convo- 

"Tliii  Mud  all  llie  folJowing  nlios  in«y  be  olilaiiiwl  diredly  fpflni  Tri^iitinm^ 
tncnl  Tables ;  f<ir  llio  nilici  »f  tlia  loii^  iii(3p  lo  iIip-  alioi  t  liilp,  lUe  luUcr  I'ciiiH 
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nient.  A  circle  of  large  s'use,  diFided  iuto  dogrcea  and  quai  lera, 
is  engraved  on  copper,  and  impressions  from  it  aro  taken  on  dra-Wf- 
ing  paper.  The  diiisions  are  not  numbered-  Draw  a  etraigUt  line 
to  r&preaeut  a  meridian,  ilirough  tlie  centre  of  the  circle,  in  nnjr 
eonvienient  direction.  Number  the  degrees  from  0  to  90",  eaelt 
way  fi-om  the  ends  of  tLia  meridian,  as  on  the  eorapass-plate.  The 
pijtractor  is  now  r&ady  fop 
use.  Choose  a  convenient 
point  Hir  the  first  station. 
Suppose  tho  first  Learing  to 
be  N.  30"  E.  T!ie  line  pass- 
mg  through  the  centre  of  Uio 
circle  and  tSirough  the  oppo- 
site pointa  N.  30°  E.  and  S. 
30^  W.  has  the  bearing  re- 
quired. But  it  doeg  not  pass 
through  the  station  1.  Transfer  it  tliither  by  drawing  througk 
station  1  a  line  parallel  to  it,  which  will  be  the  course  required,  ita 
oroper  length  being  set  off  on  it  from  1  lo  2,  Xoiv  suppose  the 
bearing  from  2  to  bo  S.  60"  E,  Draw  through  2  a  line  parallel 
to  the  line  passing  thi-ough  the  centre  of  tbo  oirelo  and  through, 
the  opposite  points  S.  GO"  E.,  and  N-  60"  W.,  and  it  w-iSl  be  the 
line  desired.  On  it  set  off  the  proper  length  &om  2  to  3,  and  so 
proceed. 

When  the  plat  is  completed,  the  engraved  sheet  is  laid  on  a 
clean  one,  and  the  stations  "  pricked  through,"  and  the  points  thus 
obUuned  on  the  clean  sheet  are  connected  by  straight  Unes,  The 
pencilled  jilat  is  then  rubbed  off  from  tho  engraved  sheet,  which  can 
be  used  for  a  groat  number  of  plats. 

If  the  central  circle  bo  cut  out,  tha  plat,  if  not  too  large,  can  be 
made  directly  on  the  paper  ivhere  it  is  to  remain. 

The  surveyor  can  make  such  a  paper  protractor  for  himaeir,  with 
great  ease,  by  means  of  tho  TabJe  o/  Chor^t  at  tiie  end  of  tliis 
Toliime,  tho  use  of  which  i3  explained  in  Art.  (S74).  The  engraved 
DUC3  may  have  shruni:  after  being  printed. 

Such  a  circle  is  sometimes  draivn  on  the  map  itself.  This  urill 
be  particularly  convenient  if  tho  bearings  of  any  lines  on  tlie  map, 
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not  taken  on  the  ground,  are  likely  to  be  required.  If  the  map  tia 
veiy  long,  more  than  one  may  be  needed. 

(213)  Drawing-Boaril  Prolraclor.  Such  a  diviticd  cu-cle,  ua 
has  just  been  described,  or  a  circular  protractor,  raaj  be  placed  on 
a  drawing  board  near  its  cenlre,  and  so  tbat  its  0°  and  90°  lines 
are  parallel  to  the  sidca  of  tho  UrawiiLg  board.  Lines  are  then  to 
be  drawn,  through  the  centre  and  opposite  divTstona,  hy  a  ruler 
long  enough  to  reach  tbe  edges  of  the  drawuig  board,  on  which 
thej  are  to  be  cnt  in,  and  numbered.  Tho  drawmg  board  thus 
becoiuGS,  in  fiet,  a  double  rectangular  protractor.  A  sti^p  of 
white  iia]}cr  may  have  previously  been  pasted  on  the  edges,  or  d 
narrow  strip  of  white  wood  inlaid.  "When  this  la  to  bo  used  for 
platting,  a  sheet  of  paper  is  put  on  the  board  as  usual,  and  lines 
are  drawn  by  a  ruler  laid  across  the  0"  points  and  the  00°  points, 
and  the  centre  of  the  cu-clo  ia  at  once  found,  and  should  be  marked 
f=>.    Tbe  bearings  are  then  platted  as  in  the  last  metliod. 

(27i)  Willi  a  scale  of  chords.  On  the  plane  scale  contained 
in  cases  of  mathematical  drawing  mstrumeiita  will  be  found  a  genes 
of  divisions  numbered  from  0  to  90,  and  mai'kod  CH,  or  C- 
This  is  a  scale  of  chords,  and  givea  the  lengths  of  the  chorJLa  of 
any  arc  for  a  radius  eiinal  in  lengtli  to  tlie  chord  of  60"  on  the 
scale.  To  lay  off  an  angle  witb  this,  scale,  as  for  f'S-  i^a, 
example,  to  draw  a  line  maVhig  at  A  an  angle 
of  40'  with  AB,  take,  in  the  dividers,  the  dis- 
tances from  0  to  GO  ou  tbe  scale  of  chords ;  with 
this  for  radius  and  A  for  centre,  dcaerile  an  m- 
definito  arc  CD.  Take  tho  dtatance  from  0  to 
40  on  the  same  scale,  and  set  it  oS'on  the  arc  as 
a  chord,  from  C  to  some  pomt  D.  Join  AD,  and 
prolong  it.    EAE  is  the  angle  required. 

Tho  Sector,  represented  on  page  3G,  supphes  a  modification  of 
Ibis  method,  sometimea  more  convenient.  On  each  of  its  legs  is 
a  geale  marked  C,  or  CH.  Open  it  at  pleasure  ;  extend  tlio  com- 
pass t-om  00  to  60,  one  on  caeh  leg,  and  with  this  radius  dcscriha 
an  arc.   Then  extend  the  compaasea  from  40  to  40,  and  tlie  dis- 
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taocc  will  be  the  chord  of  40°  to  that  radius.  It  can  be  set  off  ai 
above. 

The  smallaeaa  of  the  scale  renders  the  method  irith  a  scale  of 
chorda  practicallj  deficient  in  exactness ;  but  it  serrea  to  illustrate 
[he  next  and  lest  method. 

<275)  Wilh  a  Table  of  chords.  At  the  cad  of  this  volume 
will  be  found  a  Table  of  the  lengths  of  the  chords  of  arcs  for  cverj 
degree  and  mtnutc  of  the  quadrant,  calculated  for  a  radius  e^ual 
tol. 

To  U3C  it,  take  in  the  composaes  one  inch,  one  foot,  or  8:117  other 
convcuiciit  distance  (cho  longer  the  better)  divided  into  tenths  an^l 
hundredths,  hj  a  diiigonal  scale,  or  otherwise.  With  thia  as  railiuij 
describe  au  arc  as  in  the  laat  case.  Find  in  tlie  table  of  chi>rils 
the  length  of  the  chord  of  tlio  desired  angle.  Take  it  fram  the 
scale  judt  used,  to  the  nearest  decimal  part  which  tie  scale 
give.  Set  it  off  as  a  chord,  as  in  the  last  figure,  and  join  the  jKiint 
thus  obtamed  to  the  starting  point.    Thia  gives  the  angle  desired. 

The  Superiority  of  tlois  lacthod  to  that  vthieh  emidojs  a  protrac- 
tor, ia  due  to  tha  greator  precision  with  which  a  etraight  line  can 
be  divided  than  can  a  circle. 

A  alight  mgdlficat^on  of  this  method  is  to  take  in  Cho  compasses 
10  eiittil  parts  of  any  convenient  lengthj  inches,  half  inches,  (luar- 
ter  inches,  or  any  other  at  band»  and  with  this  radius  describe  an 
arc  as  before,  and  act  oS  a  chard  10  times  as  great  as  the  one 
found  ia  the  Table,  i.  c.  imagine  the  decimal  point  laovcd  one 
place  to  the  right. 

If  the  radius  be  100  or  1000  equal  parts,  imagine  the  decimal 
[fljant  moved  two,  or  three,  j>lacca  to  the  right. 

Whatever  radius  may  be  taken  or  given,  the  pi-otluct  of  that 
radius  into  a  chord  of  the  Table,  will  give  the  chord  for  that  radiua. 

Tliis  gives  an  easy  and  exact  method  of  getting  a  right  angle  ! 
by  describing  an  arc  with  a  radius  of  1,  and  setting  off  a  chord 
equal  to  1.4142. 

If  the  angle  to  be  Constructed  Is  mors  than  00^,  Construct  on 
the  otJicr  side  of  the  ^ven  point,  upon  tha  given  line  prolonged,  an 
angle  etjual  to  what  the  given  angle  wants  of  180' ;  i.  e.  ita 
Sm^lment,  in  th&  language  of  Trigonometry, 
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Tim  saiDG  Table  gives  the  means  of  mcasunng  any  angle, 
Witli  the  luigular  point  for  a  centre,  and  1,  or  10,  for  i  railiiis, 
desciibo  an  arc.  iMeasure  ttie  length  of  tLo  chord  of  t!ie  arc 
liictweeri  tlie  legs  of  the  an^le,  find  this  length  in  the  Talde,  and 
the  anglo  corresponding  to  it  Is  the  one  desired,* 

(S76)  With  a.  TMt  of  naliiral  sines,  h\  the  absence  of  a 
Table  of  chords,  heretofore  rare,  a  table  of  natural  sines,  ivliich  can 
be  found  aiiyivlierc,  may  be  used  as  a  less  convenient  substitute. 
Since  tiie  chord  of  any  anglo  e([ual3  twice  tlie  sine  of  half  the 
angle,  divide  the  given  angle  by  two ;  find  in  the  tabJe  the  natural 
siae  of  this  half  aogle ;  double  it,  and  the  product  la  the  chord  of 
the  ivhole  angle.  This  can  then  be  used  precisely  as  vras  the 
chord  in  the  precei^ng  article. 

An  ingenious  modification  of  tliis  method  has  been  much  used. 
Describe  an  arc  from  the  given  point  as  centre,  as  in  the  last  two 
articles,  hut  with  a  radius  of  5  c<[ual  parts.  Take,  from  a  Table, 
the  length  of  the  natural  sine  of  half  the  given  angle  to  a  radius  of 
10.  Set  off  this  length  aa  a  chord  on  the  arc  just  describedj  and 
join  the  point  thus  obtaln&d  to  the  given  pouit.| 

(837)  By  LatitndfS  and  D^^parlurcs.  yflim  the  Latitudca 
and  Departures  of  a  survey  have  been  obtained  and  corrected,  (oa 
explained  in  Chapter  V),  either  to  test  its  accuracy,  or  to  obtsUtt 
its  content,  they  afford  the  easiest  and  hest  mcana  of  platting  it. 
The  description  of  tWa  method  will  be  given  in  Art.  (285). 

*  Tliii  Tiilile  will  ul«o  serve  to  fliiil  ihe  naltira!  giric,  or  eoiine,  at  any  nnpfe. 
Mdllijily  the  ^\ven  unfiL-ljy  t*o  !  liml,  in  iho  T'llilr,  iLe  cliorJ  of  lliis  Jo-ilik- 
anglu  ;  njul  liiilf  tif  tiiin  cliiml  will  beiliL-  ruiiitnil  sin.-  vequired  ^01*.  iIibcIiovJ 
of  nny  anslo  is  citiual  lo  iivicullio  tinuof  lialf  the  nnglo.  To  find  tha  forinf,  pro- 
feeil  a«  nliovt,  with  llie  nnglp  vvliicli  ad  Jed  to  [hp  givpii  nTijjIe  wuiilil  make  911°. 

Auoilicr  iisf  nf  tliia  TuUi?  ji  tu  iiiacril^D  rc^liir  polj-gous  )ti  D  cifdo  by  actling 
ad  \iia  chord*  nf  Ihi!  atci  ^t-hich  their  tides  niibtpuJ. 

Slill  iLuothei"  DHQ  ii  lu  iliviJe  nu  arc  or  ongLo  ijiiu  miy  imnilicr  of  e<]iin!  paila 
by  selling  off  ilie  frnclioiial  arc  or  oiiglL-.  Fij,  189. 

t  The  rennrjtj  of  ihis  is  npimrftnt  fivim  llio 
figure  tx  lilt!  tiiio  of  hiilf  the  atip\a 

BAC,  lo  a  ruiliuA  of  10  cqiiul  fiurtF,  dlJ 

BC  ii  tlio  diord  ilirecled  lo  he  set  nW,  lo  ii 
mdirii  of  5  I  f|iiDl  nikrlR.  BC  ii  cqiinl  lo  DE  : 
r«r  H0  =  5.UF,  hyTvigonomulry,  ncd  IJE 
—  2.)lF,  liy  aiHiiluririuijglti  ;  liciifi;DC  = 


CHAPTER  V, 


L.ITITVDES  AND  DEPARTtRES 

(278)  DeflDltlons.  The  Latituiie  of  a  point  is  its  distance 
North  or  South  of  some  ^^ParaUdof  LatUude,^^  or  nuining 
East  or  West.  The  Losa:TUDE  of  a  poiut  is  its  distance 
East  or  West  of  Bomc  "  Sferidian,"  or  line  nmiiing  North  and 
SouUi.  In  Compass-SurYtjiDg,  the  Magnetic  Meridian,  t.  e,  the 
direction  in  which  the  Magnetic  Needle  points,  id  the  Uno  Crom 
\i\uch  the  LoDgitudoa  of  points  are  meaaurcd,  or  reckoacd. 

The  distance  ivhich  one  end  of  a  Hno  is  dao  North  or  South  of 
the  other  end,  ia  called  the  Difference  of  Latitude  of  the  tivo  enda 
of  the  line  ;  or  its  NoriJiing  or  Sautldng  ;  or  simply  ita  Latitude. 

The  distance  which  one  end  of  the  line  is  due  East  or  West  of 
Ihc  other,  is  here  called  the  Difference  of  LontjituJn  of  the  two 
Cuda  of  the  liae ;  or  its  Eaitiag  or  Wi:ettng ;  or  ita  Dtyartuve. 

Latitudes  and  Dcpartttree  are  the  most  usual  t^nna,  and  will  be 
generally  used  hereafter,  for  the  aalce  of  Irevitj. 

Tliis  subject  may  be  illustrated  geographically,  by  noticing  that 
a  traveller  in  ^Ing  from  Ncw-Tork  to  BuShlo  in  a  straight  line, 
would  go  about  150  miles  due  nortli,  and  250  miles  due  weat. 
These  distances  would  bo  the  differences  of  Latitude  and  of  Lon'p^ 
tude  between  the  two  places,  or  his  Northing  and  Westing.  Ee- 
tuming  from  BufFulo  to  New-York,  the  same  distances  would  bo 
tiis  Southing  and  Easting." 

In  mathematical  hinguage,  the  operation  of  fintUng  tlie  Latitude 
and  Longitude  of  a  lino  from  ita  Eearing  and  Length,  would  be 
called  the  transformation  of  Polar  Co-oi-dinatca  into  Rectangular 
Coordinates.  It  coas'ista  in  determimng,  by  our  Second  Prtnci^h^ 
the  position  of  a  point  which  bad  originally  been  determined  by 
the  Third  Prlndph.    Thus,  in  the  figure,  (which  is  the  some  as 

•  IjihonlJ  bo  remPBiljcrecl  ilioi  followina  diiciissinn*  of  ili^  LaiiimieB  aiid 
Lon^UwIca  of  ihe  poiuis  of  a  iiirvey  will  ool  alwn}*!  be  fully  applii'uUe  id  [|iom 
of  diatant  placing,  auch  ibr  cirira  jii^I  iiurunt,  id  cotiiK'q^iitiicc  at  tlic  luriiice  of 
tlio  varUi  uol  being  a  plniio. 
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that  of  Art,(9)),  the  point  S  is  determin- 
ed hj  tlie  angle  SAG  and  tho  dia- 
tance  AS.  It  ia  aEso  deteimlned  bj  the 
diatancca  AC  aui  GB,  meaaured  at  i-igkt 
aiiglea  to  cacii  other ;  and  thea^  Bup]>c>3ing 
CS  to  run  duo  Nort!i  and  Soatli,  CS  will  be  the  Latitude,  and  AC 
the  Departure  of  tho  line  AS. 


(279)  CalctilatioD  of  Lalilnilcs  and  Departures,. 

ta  a  given  line,  of  which  the  length 
AB,  and  the  bearing  (or  angle,  BAG, 
■which  it  matea  with  the  ilagncUc 
Jleridiftn),  are  knOira.  It  ia  wquired 
to  find  the  diSerenccs  of  Latitude  and 
of  Lon^tade  between  ita  tivo  extremi- 
ties A  and  B :  that  is,  to  fijid  AC  and 

CB;  or,  ivhat  id  tho  sarao  thing,  ED  W  

and  DA. 

It  mil  be  at  onco  Been  that  AB  Is 
the  hjiwthenuso  of  a  right-angled  tri- 
angle, in  Vfhich  tho  "  Latitude"  and  the  "  Departure"  arc  the  sidca 
about  the  right  angle.  Wo  thcrcfcre  know,  tj-om  the  principles  of 
trigonometry,  tliat 

AC  =  AB .  C03.  BAC^ 
BC  =  AB  .  sm.  BAC. 

Hence,  to  find  the  Latitude  of  anj  course,  Hiulti])lj  the  natural 
Cosine  of  the  bearing  by  tho  length  of  the  course  ;  and  to  find  the 
Hepartitre  of  any  course,  multiply  the  natural  sine  of  Uie  bearing 
by  tlie  lengtli  of  the  course. 

If  the  course  be  Korthcrlj,  tho  Latitude  will  bo  North,  and 
will  be  marked  with  tho  algebraic  aign  ■'r^plm,  or  additive;  if 
it  ba  Southerly,  the  Latitude  will  be  South,  and  will  be  marked 
with  tho  algebraic  sign  — ,  minvs,  or  suhtractiyc. 

If  the  coui'se  be  Easterly,  tha  Dcpartnre  wili  be  Eaat,  and 
marked  4  ,  or  additivo  ;  if  the  courae  be  Westerly,  the  Departure 
will  be  West)  and  marked  — ,  or  eubtractive. 


CBAF.  V.J 
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(28ft)  Formulas.  Tke  rules  of  tlie  preceding  article  miy  be 
e^rcssed  thus ; 

Latitude  =  Distance  x  cog.  Bearing, 
Depariurc  =  Distance  X  sin.  Bearing." 
From  these  fomiulaa  may  be  obtained  otliers,  l)j  irhiclt,  when 
any  two  of  the  above  four  things  are  given,  the  remaining  two  can 
be  found. 

Wfieii  tke  Bearing  and  Iiatkiide  are  given  ; 
Diataace  =  — =  Latitude  x  sec.  Bearing, 
Departure  =  Latitude  x  tang.  Dealing. 

W7tm  the  Bearing  and  Departure  are  given; 
Diatance  =  =  Departure  X  cosec.  Bearing, 

Latitude  =  Departure  x  eotang.  Bearing. 

WJten  the  Distance  and  Latitude  are  given  ; 


Cos,  Bearia;;  — 


DU  til  Hue' 

Departure  =  Latitude  X  tang.  Bearing. 

Wlien  the  Distance  and  Departure  are  giveaj 

Sin.  Beanng  ^  -tt?-  , 

Latdtutlfl  =  Departure  x  cotang.  Bearing. 

Wheji  th4  Latitude  and  Departure  are  given; 

Tans,  of  Bcajing  —  pfr"""'"" 

Distance  =  Latitude  x  see.  Bearing. 
Still  mflro  eimply,  any  two  of  these  three — Distance,  LatUido 
uii  Departure — being  given,  wo  have 

Distance  =  ^fLatitude*  +  Departure') 
Latitude  =  y^Digtanee* — Departure^) 
Departure  =  V(Di3tance='  —  Latitude:') 

(281)  Trarerse  TablcSi  Tbe  Latitude  and  Dcj-artore  of  any 
distajice,  for  any  bearing,  could  be  found  by  tlie  method  given  ia 
Alt.  (279),  with  the  aid  of  a  table  of  KaUtraJ  Sines.    But  to 

*  IVticDcvcr  sines,  cotiart,  lanKcnii,  &c.,  nrf  here  dbdiciI,  dicy  mean  tiio  noiii 
ral  sinet.  ttc.,  cif  an  arc  'd'escribed  wLib  m  mdiui  eqaal  to  mC|  or  ly  Ue  Bait  bj 
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focilitato  these  calculations,  which  are  of  bo  freqaent  occurrence 
atnl  of  so  grcnt  use,  Traverse  Talles  have  been  prepared,  origin- 
allj  for  navigators,  (whence  the  name  Traverse'),  mi  suhscq^uently 
for  surveyors.' 

Tie  Trarerae  Table  a.t  the  end  of  tliis  volume  gives  the  Latitude 
and  Departure  for  any  bearing,  to  each  quarter  of  a  degree,  and 
for  distances  from  1  to  9. 

To  use  it,  find  in  it  the  number  of  degrees  in  the  bearing,  on 
(he  Left  band  side  of  the  pai;e,  if  it  be  less  than  45",  or  on  the  right 
band  side  if  it  be  more.  The  numbers  on  the  same  line  rmmin^ 
across  the  page,f  are  the  Latitudes  and  Departures  for  that  bear- 
ing, and  for  the  respective  distances — 1,  2,  3,  4,  5,  S,  7,  8,  9, — 
■which,  are  at  the  top  and  bottom  of  the  page,  and  which  may 
represent  chains,  links,  rods,  feet,  or  aaj  other  unit.  Thus,  if  the 
bearing  be  15°,  and  the  distance  1,  the  Latitude  would  he  0.9G0 
and  the  Departure  0.259,  For  tLe  same  bearing,  but  a  distance 
of  S,  the  Latitude  would  be  7.727,  and  the  Departure  2.071. 

Any  distance,  however  great,  can  have  its  Latitude  and  Depar- 
ture readily  obtiuned  from  this  table ;  since,  for  the  same  bearing, 
Ihcy  ore  directly  proportional  to  the  distance,  because  of  the  simi- 
lar  triitngtes  which  they  form.  Therefore,  to  find  the  Latitude  or 
Departure  for  GO,  multiply  that  for  6  by  10,  which  merely  moves 
the  decimal  point  one  place  to  the  right;  for  500,  multiply  the 
numbers  found  in  the  Table  for  5,  hy  100,  i.  o.  move  the  decimal 
point  tivo  places  to  the  right,  rmd  so  on.  Jlerely  moving  the  deci- 
mal point  to  the  right,  one,  two,  or  mere  places,  will  therefore 
enable  tliis  Tablo  to  give  the  Latitude  and  Departure  for  tsny  deci- 
mal multiple  of  the  numbers  in  the  Table. 

For  compound  numbers,  such  as  873,  it  b  only  necessary  to 
find  separately  the  Latitudes  and  Departures  of  800,  of  70j  and  of 
8,  and  add  them  together.  But  tliia  may  be  done,  with  scarcely 
any  risk  of  error,  by  the  folilowing  slmplo  rule. 

*  Th-e  lint  Traverse Tubli»  for  Surveyors  aeems  to  have  ln?en  pnbliiUnlin  1791, 
by  Jabn  Gab.  Tbe  itimt  eslcnsii-e  talile  is  tbat  of  Capt.  Uoileau,  of  the  Brid^ 
army,  being'  calculaied  Tot  every  miiiiitc  of  Iwarinf!,  and  lo  five  tlcdinal  jilacN, 
for  JiBlnnci-s  from  1  lo  10.  TIlo  Tuble  ir.  [bii  volarao  wai  calcuklcd  far  It,  aad 
then  uatnporod  wllb  ibc  one  jiiat  mc^ntiauE^. 

t  In  niiii^  tliuarniiy  limlkr  Tn1)I<-,1iiy  xrtiler  Bcrora  ibe  pa^,  jail  above  oi 
bcluw  ilie  line  to  be  foljowLil  oul.  Tuia  i«  n  yvrj  valaabln  mccbnuica.  uasisinnce 


LatitBles  and  Departitrft. 


Write  down  the  Latitude  and  Departure  for  the  firgt  figure  ff 
the  given  number,  aa  founii  in  tJie  Table,  negleetiiig  the  df^ckaal 
point ;  'nrrita  under  them  the  Latitude  and  DepartiuK  of  the  s<)Cortd 
figure,  setting  thorn  om  place  farther  to  the  riglft;  under  them 
write  the  Latitude  and  Departure  of  the  third  figure,  Betting  thcio 
one  place  farther  to  the  right,  and  so  pi-oeccd  witli  all  the  ■figures 
of  tlie  ^pen  number.  Add  up  thc^e  Latitudea  and  Departures, 
and  cut  off  the  three  right  hand  figupoa.  The  remainiing  figarea 
■noil  be  the  Latitude  and  Departure  of  the  given  ttumb^r  in  linkfl, 
or  chains,  or  feet,  or  whatever  unit  it  vaa  given 

For  example ;  let  the  Latitude  and  Depai'tunj  of  a  course  hav 
ing  a  distanco  of  873  linka,  and  a,  bearing  of  20",  be  required.  la 
the  Table  find  aC,  and  then  taJifl  out  the  Latitndo  and  Departur* 
for  8,  7  and  3,  in  torn,  placing  them  as  above  directed,  thus : 


Dlgtaneea.  Latitudet.  D^partureg. 

800  7518  273IJ 

TO  6578  2394 

3  2319  1026 

873  820.399  298.566 


Taldng  the  nearest  whole  numbers  and  rejecting  the  decimals^ 
Tve  find  the  desired  Latitude  and  Departure  to  be  820  and  299."' 

When  a  0  occurs  in  the  given  number,  the  nest  figure  must  be 
pet  two  places  to  the  right,  the  reason  of  which  will  appear  from 
the  following  example,  in  which  tb«  0  ia  treated  like  any  other 
number. 

Given  a  beariag  of  35°^  and  a  distance  of  3048  links. 


Distanees.  Latitudet.  DepaTtitre»- 
3000  2457  1721 
000  0000  0000 
40  327T  2294 
 8  6553  4589 

3048  2496.323  1748.529 


Here  the  Ladtude^  and  Departures  lire  2496  and  1749  linka. 

•  Ii  ia  frer|Uen[Iy  dfiublRil,  iQ  memf  c*]c!ulB'i*iiig,  when  the  BubI  decimal  is  S, 
tvliPilier  ta  jncrpBje  tiie  fireirtrditig  figure  by  one  or  uut  Thns,  43.5  nisy  be  called 
43  or  <i  wrth  eqnal  corrMtuew.  tt  it  l>etter  in  »nch  cnscs  i>>it  lo  incrpnnc  iBo 
wlicitc  nrir:il>er,  lo  bs  lo  escape  the  tronble  of  diBDgtn^  (lie  oTt^inoI  £^ur?,  an^ 
ihe  increaacd  cliauce  of  error,  If,  liowcvprfinoie  llt«n  onr  each  a  case  oemta  ia 
10      aJdc-J  Bp,  the  ifli-gei-  ami  cntalkr  number  abnuU  be  [akca 


Wiien  tlie  bearing  13  over  45°,  the  namca  of  the  coltmma  masi 
Ijo  read  from  tlio  bottom  of  tlie  page,  the  Laidtudc  of  anj  l>eariiig, 
as  50°,  being  the  Departure  of  the  cemplement  of  tliia  bearing,  or 
40°,  anJ  tlie  Depaifcure  of  40°  being  tbo  Latitude  of  50",  TLe 
reason  of  tliis  iriU  be  at  once  seen  on  inspecting  the  laat  figure,  (page 
170),  and  imaging  the  East  and  West  line  to  become  a,  Meri- 
diaa.  For,  if  AC  be  the  maguetie  meridian,  aa  before,  aud  there- 
fore BAG  le  tiie  bearing  of  the  course  AB,  tlicn  is  AC  the  Lati- 
tude, and  CB  the  Dfjparture  of  t]iat  course.  But  if  AE  be  the 
meridian  and  HAD  (the  complement  of  BAG)  be  the  beanng, 
then  is  AD  (which  is  equal  to  CB)  the  Latitude,  and  DB,  ■(which 
is  equal  to  AC),  the  Departure. 

Aa  an  example  of  this,  let  the  hearing  be  GSJ",  and  the  distance 
3469  links.    Proceeding  as  before,  we  bayc 


Distances.  Jtatitudes.  Departuret, 
3000                  1S50  2079 
400                   1800  3572 
60                     2701  5358 
9                      4051  8037 


3469.  1561.061  3097.81T 


'ilie  reqiiirod  Latitude  and  Departure  are  1561  and  309S  liiJcs. 

In  the  few  cases  occurring  in  Corapass-Surve^'in^,  in  which  the 
bearing  ig  recorded  as  somewhers  between  the  fractions  of  a  degree 
given  in  the  Tabic,  its  Latitude  and  Departure  may  be  found  by 
interpolation.  Thus,  if  the  beariflg  be  10^",  take  the  half  Bum  of 
the  Latitudes  and  Depaiturea  for  lO^"  and  10^".  If  it  be  10"  20', 
add  onc-third  of  the  difference  between  th*  Lata,  and  Deps-  for 
lOJ  and  for  10 J",  to  those  opposite  to  10^° ;  and  bo  in  any  similM 
case. 

The  13358  of  tbia  tabls  are  very  varied.  The  p-rmcipal  applica- 
dong  of  it,  wfuch  will  now  le  explained,  arc  to  2l's((Vy  theaccit- 
raeif  of  auraer/s ;  to  Sv^'pl^iiii/  omissiom  in  them;  to  Platting 
t/icm,  and  to  Calculating  their  conifnt." 

'  Tlio  Travorsp  T11I1I0  [nlmiu  o-f  many  other  minor  iiies.  Tlins,  il  nioy  ba  xuexX 
for  lolvin^,  n]iprDiiniiitciy,  miy  rislil-na^lcd  irinnjelo  by  nitre  iiwfiecliiin,  itia 
bearing  bc-tiig  lukcD  fur  ouo  nf  ibe  acute  atigleei  tho  Lnliliitle  tlio  aide  ad- 

jtlcoilt,  llio  (Jyparlnre  thO'  ■iil'O  pppositPi  ami  ihe  Dialaiii;e  tha  liJlHilhenllle.  Aur 
Iwo  n{  ibeso  fepine  giveii,  ihe  ollien  ore  given  by  tlio  Table.  The  Tubla  wifi 
tlKTcforo  Bene  to  lUflw  Uio  allowaaco  tu  be  ninde  in  cbniuing  on  ilopei  (iw  An. 


ciur.  T.]  Latllndes  and  D^parlnres. 
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<28'2)  Application  to  TesHug;  a  Sarvey.  It  is  self-erldent, 
that  Trhen  the  surrcj-or  baa  gone  compluttlj  art-iml  a  fioIJ  or 
TariD,  taltiiig  the  bearings  and  distances  of  each  boundary  line,  till 
lio  liaa  got  back  to  tbe  starting  point,  that  lie  Tias  gone  precisely 
aa  fai-  SontL  as  North,  and  aa  far  West  as  Eiist.  Bat  tbe  sum  of 
the  Nortli  Latitudes  tella  hoiv  far  North  be  bis  gone,  and  the  yum 
of  the  South  Latitudes  how  far  South  be  has  gone.  Heuco  them 
two  aums  will  be  ecjiial  to  each  other,  if  tbe  survey  has  been  cop- 
recUj  made.  In  like  manner,  the  sums  of  the  East  and  of  the 
West  Departures  must  also  be  equal  t&  each  other. 

We  will  applj  tbia  principle  to  testing  the  accuracy  of  the  bup- 
rey  of  which  Fig.  17o,  page  lol,  is  a  plat,  Prejiarc  seven 
columns,  and  head  them  as  below.  Find  the  Latitude  and  Depar- 
ture of  each  course  to  the  nearest  link,  and  write  them  in  their 
appropriate  columns.  Add  up  these  coliiams.  Then  will  tbo 
difference  between  the  sums  of  the  North  and  South  Latitudes, 
and  between  tbe  sums  of  the  East  and  West  Departures,  indicate 
the  degree  of  accuracj  of  the  survey. 


STATION. 

BEARUTQ. 

DISTANCE. 

LATITUDB. 

DEPABtCRE. 

N. 

S. 

E. 

W. 

1 
2 

3 
4 
6 

N.  35°  E. 

N.  834'  E. 
S.  57"  E. 
S.  34i°W. 

2.70 

1.29 
2.22 

i'.h 

3.23 

2.21 
.15 

1.78 

1.21 

2.93 

1.00 

1.28 
1.86 

2.00 
2.69 

4.14 

4.14 

4.60 

4.<J9 

The  entire  work  of  tbo  above  example  is  given  below. 

35°       ICSa  1147  34J3  24S0  1688 

67340  401a0  4133  2S14 

    41S3  i!814 

270.       221.140  154.850     

355.  -293.463  199.754 

(SCJ) ;  fnf.  look  ill  the  coIdidd  irf  benriufn  for  ihe  stupe  ot  iLe  gronnJ,  i.  e.  tho 
Utflie  it  makei  ivitn  llie  tiorimn.  find  the  given  diatiiijci'.  nnd  the  LsiiluJe  miro- 
■pondins  will  I*  tlin  desired  Uoi-iiunlnl  mi-astireiiitiit,  mi  J  \)ie  diffi^itnce  b«twcea 
it  tud  tlie  Du'Bnce  will  bo  ihc  ollo-ffuuce  lo  be  mlido 
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88  p 

lis 

226 
1019 

994 
19§7 

8942 

1656 
1104 

l65r. 

2502 
1GC8 

250-2 

129. 

14.570 

12&.212 

S23.  178.296 

260.382 

67= 

1080 
1089 
1089 

1677 
1677 
167T 

The  nearest  Imlc  is  taken 
to  be  inserted  in.  the  Tabic, 
and  tlie  remnimug  Decimala 

222. 

120.879 

1S5.147 

are  neglected. 

In  the  preceding  example  the  respective  eoma  were  found  to  be 
exactly  equal.  ThiSj  however,  ^iH  rarely  occur  in  an  extensive 
Eurvey.  If  tlie  difference  be  great,  it  indicates  some  mistake,  aad 
the  survey  must  be  repeated  with  greater  care ;  but  if  the  differ- 
ence bo  email  it  indicates,  not  absolute  err&rs,  but  only  inaccura- 
ciea,  unaToidable  in  surveys  with  compass,  and  the  survey  may 
bo  accepted, 

Hoiv  great  a  difference  in  tlie  avaaa.  of  the  columns  m&y  bo 
allowed,  as  not  necessitating  a  new  survey,  is  a  dubieua  ix>iiit. 
Some  Borveyors  ■would  admit  a  diEFerenco  of  1  link  for  every  3 
chains  in  the  sum  of  the  courses ;  -otherB  only  1  link  for  every  10 
chains.  One  writer  puts  the  liiait  at  6  liuis  for  each  station ; 
another  at  S5  links  in  a  survey  of  100  acres.  But  every  practical 
surveyor  soon  leams  how  near  to  an  equality  his  instnunent  and 
big  skill  ivill  enable  liim  to  come  in  ordiaary  cases,  and  can  there- 
fore establish  a  standard  for  himself,  by  which  he  can  jud^'o  whether 
tho  difference,  in  any  survey  of  his  own,  is  probably  the  reenlt  of 
an  error,  or  only  of  his  customary  degree  of  inaccuracy,  tivo  thin^ 
to  be  very  carefully  dsstingnished.' 

(3S3)  AppllcattoQ  to  supplying  omissions,    Any  two  omia 

siong  in  the  Field-notes  can  be  supplied  by  a  proper  use  of  the 
methoct  of  Latitudes  and  Departures  ;  as  mil  be  oxplauied  in  Part 
VH,  which  treats  of  "Obstacles  to  Jleasnrement,"  under  which 
head  tbis  subject  most  appropriately  belongs.  But  a  knowledge 
of  the  fact  that  any  tivo  omissions  can  be  supplied,  should  not  lead 

*  A  Fn?ncli  writer  Rjiss  tha  alliiwiible  dlDorence  ia  ubiiinrug  nt  l-IDD  of  level 
liQCi    I'SOiO  of  lines  OD  taoJorate  abpei ;  1-tOU  of  lines  uJi  aiccp  ilopet. 


Lalltitdcs  ABi  Departnrps. 


the  young  surveyor  to  be  negligent  in  maJdog  every  posslljlc  mea- 
surement, since  an  omission  renders  it  necessary  to  assume  all  tJm 
notes  token  to  be  correct,  the  means  of  testing  Uiem  no  longer 


(284)  Balancing'  a  Snrreyi  Tbo  subsei^uent  appUcation^  of 
this  method  reijuire  the  aurrey  to  be  preyioualy  Balanced.  This 
operation  coiisifiU  in  correcting  the  Latitudea  and  Departures  of 
the  courses,  so  that  their  sums  shaU  bo  equal,  and  thus  "  balance." 
This  is  usually  done  by  distributing  tJio  diffcrcncoa  of  the  sums 
among  the  cauraes  in  proportion  to  their  length;  sajiog,  As  tbc 
sum  of  the  lengths  of  all  the  coursea  /«  lo  the  irhole  differeLce  «f 
the  Latitudes,  So  is  the  length  of  each  course  To  the  correction 
of  its  Latitude.    A  similar  proporUon  corrects  tlie  Departures,* 

It  is  not  often  necessary  to  make  the  exact  proportion,  as  the 
correction  can  usually  bo  made,  iinth  sufficient  accuracy,  by  noting 
how  much,  per  chain  it  ishould  ts,  and  correcting  accordingly,. 

In  the  example  giren  below,  the  differcncca  have  purposely  been 
mode  conBiderable.  The  corrected  Latitudes  and  Dcpai-turea  have 
been  hero  inserted  in  four  additional  c&lumna,but  in  practice  they 
should  be  irritten  in  red  ink  over  t!ic  original  Latitudes  and 
Departures,  and  the  httcr  crossed  out  Tfith  rod  ibli. 


tfA. 

nisf. 

COUBCTED 

N.+ 

a— 

5.KG 
II.S4 

E.+ 

W.— 

N,+ 

s.— 

E.+ 

w,— 

4.0S 

J 

s 

4 

K.  5S"  E. 

a  ziVw. 
N.  ar  w. 

10.63 
i-IO' 

i.m 

7.13 

s.4e 

3.03 

4  OB 
0.94 

IAS 

S.5i 
B.61 

8.34 
S.01 

i?,65 

10.10 

1041 

io,oe 

lt>.0« 

10.3iS 

10.35 

The  correctiona  are  made  by  the  following  proportiocs ;  the 
nearest  whole  numbers  being  taken : 


For  the  LatUudtt. 


For  the  Departara. 


29.55 
29.55 
S9.fi5 
39.55 


10.63 
4.10 

r.i3 


10 
10 
10 

10 


:  4 
:  1 
:  3 
:  - 
To 


29.53 
29,55 
29.55 
29.55 


10.63 
4.10 
7.69 

r.i3 


13 
12 
12 
12 


:  4 
:  2 

Li 

13 


*A  d«ini)iiiilriitioa  ot  Uiia  priDci|ile  vn»  girca  bj  Dr.  Dovditcli,  ia  Na  4  cf 
•■TlwAnaJjst"  jij 
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This  rule  is  not  alwajs  to  be  strictly  followed.  If  one  line  of  a 
survey  has  been  measured  over  very  uneven  and  rouji;H  ground,  or 
if  its  bearing  has  beeu  taken  with  an  indistinct  aif^ht,  while  the 
othfir  linca  Lave  been  measured  over  leyel  and  clear  ground,  it  is 
probable  that  most  of  the  error  has  occurred  on  that  line,  and  the 
correction  should  be  chiefly  made  on  its  Latitude  and  Departnic. 

If  a  slight  change  of  the  bearing  of  a  long  course  trill  favor  the 
Balancing,  it  shonld  be  so  changed,  since  the  compass  is  much 
more  subject  to  error  than  the  chain.  So,  too,  if  shortening  any 
doubtfiil  line  will  favor  the  Balancing,  it  should  be  done,  since  dla* 
tanccs  arc  generally  measured  too  long. 

(2S5>  Apiillcalion  (o  Flatliil|r.  Rulo  three  columns  ;  one  for 
Stations ;  the  next  for  total  Latitudes  ;  and  tho  third  for  total  De^ 
parturcs.  Fill  the  last  two  columns  by  beginning  at  any  conven- 
ient station  (tho  extreme  East  or  "West  is  best)  and  adding  up 
(nlgebnucally)  the  Latitudes  of  tho  following  stationaf  noticing 
that  the  South  Latitudea  are  subtracttre.  Do  the  same  for  the 
Depaa"ture3,  observiug  thatthe  Westerly  ones  are  al&o  subtractive. 

Taking  tho  example  given  on  page  175j  Art.  (282),  and  be^Q- 
ning  wiUi  Station  1,  the  following  will  be  tho  resulta : 


i-tA. 

ya'jn  station  1. 

TUTitli  miPALtruiIKs 
rsOM  STATION  I. 

1 

O.DU 

0.00 

+2.21  N. 

+  1.55  E. 

3 

+2.36  N, 

+2,83  E. 

4 

+  1.15  N. 

+4.69  E. 

6 

—1,78  S. 

+2.69  E. 

1 

0.00 

0,00 

It  will  bo  Been  that  the  work  proves  itsolf,  by  the  total 
Latitudes  and  Departures  for  Station  1,  again  eommg  out  equal 
to  zero. 

To  use  this  table,  draw  a  meridian  through  the  point  taken  for 
Station  1,  as  in  the  figure  on  tho  following  page.  Set  off,  upward 
from  this,  along  the  meridian,  tho  Latitude,  22.1  links,  to  A,  and 
from  A,  to  the  right  perpendicularly,  eet  off  the  Departtu-e,  155 
Imts."    Tliie  gives  the  point  2.    Join  1....2.    From  1  again,  set 

*  Tliii  is  mnii  eniijlir  uitli  tho  uiJ  itf  a  riglit.niiglnl  inuii^lc,  Blullng  una 

pf  <lir  tiiJi  s  riiljnrrMil  lo  llm  nxitt  iinylc  nicjiig  llio  blmlu  rC  ilic  aijinirc,  Iti  wliidi 
Uic  ullicr  «i<l.?  will  tlicu  be  jiei'j'tlidicu  lar. 
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&ff,  upTvar^,  236 
liuke,  to  B,  fmd  from 
J3,  to  the  right,  pcr- 
ptadicularly,  set  off 
2S3  links,  wLichT^ill 
lithe  point 3,  Join 
2.... 3  ;  tuid  so  pro- 
ceed, settin*  off 
North  Latitudes 
along  the  Meridian 
upwards,  and  South 
Latitudes  along  it 
dovrnwarda ;  Eiist 
Dcpirturcs  perpen- 
dicularly to  the  right, 
and  West  Depar 
turca  perpeTidicularfy  to  th&  left. 

The  advantages  of  this  method  are  its  rapidity,  ease  and  accu- 
racy ;  the  impoggibility  of  any  error  m  platting  any  one  cotirae 
iffijcting  tlie  folIoniDg  points ;  and  the  certainty  of  Uie  plat  "  com- 
iog  together,"  if  th«  Latitudes  and  Deportu^ea  have  been  "  Bftt 
taced." 


1 1 


(Sfi'ft)  Melliods.  WiTES  a  field  Iiaa  been  platted,  by  wliat 
ever  method  it  ciay  have  been  survejed,  its  content  can  be  obtolnod 
fi'om  its  plat  hy  dividiDg  it  up  hito  triangles,  and  measuring  on 
tha  plat  their  bases  and  perpendiculars  f  or  by  any  of  the  other 
means  explained  in  Part  I,  Chapter  IV. 

But  these  are  only  approsimafce  raetliods;  their  degree  of  accuracy 
depending  on  tlie  largeness  of  scale  of  the  plat,  and  the  skill  of  the 
draf^aman.  The  invaluable  method  of  Latitudes  and  Departui-ea 
giYca  another  means,,  perfectly  accurate,  and  not  rerimrili^  the 
preiioufl  preparation  of  a  plat.  It  is  aomclamea  called  the  Rectat« 
gular,  or  the  Pcnnaylvaaia,  or  Ritlenhouse'a,  method  of  calculation  " 

(287)  DfflHUlous.  Imagine  a  Moridlan  line  to  pass  through 
the  extreme  East  or  West  comer  of  a  field.  According  to  the 
definitions  established  in  Chapter  V,  Art.  (tTlS),  (and  iierc  reca- 
pitulatod  for  convenience  of  I'eference),  the  perpendicular  distance 
of  each  Station  from  that  Meridian,  is  the  Longitude  of  that  Sta- 
tion ;  additive,  or  jy?ii8,  if  East ;  subtractive,  or  mhiua,  if  West. 
Tho  distance  of  the  middle  of  any  hnc,  such  as  a  side  of  the 
field,  from  the  Meridian,  is  called  tho  Longitude  of  that  ^de.t 
The  difference  of  the  Longitudes  of  the  two  ends  of  a  line  \a  called 
1^%  Departure  of  that  line.  The  difference  of  the  Latitudes  of  the 
two  ends  of  a  line  is  called  tho  Latitude  of  the  hne. 

•  It  is,  however,  «ubainiiiiHlly  iho  inmo  □«  Mr.  Tlnima»  Burgli'i  "Meihiod  ta 
dclcnuiue  llie  arena  u{  riglit  lined  fjgutes  uDivcrutU)*,"  publialinl  neikrly  a  cEntut; 

fTte  phinie  "Meridian  Diilmiep,"  U  generally  used  fur  wlnt  U  hm  cullr^ 
'  Lniifjilmlo";  but  tlie  onalufry  of  "  DifH-rijiicf*  vt  L'JiigiluJc"  wiiU  ■"  DiBerraCM 
eF  Lniiiu  J^^i"  inunlly         Biioiniilcim-ly  onilcJ  wilh  llie  word  "  Departure,"  boP- 
towcd  fmm  Knviauiinn.  a«cnii  !a  put  beyond  all  que«ti>Dn  llie  prD|ii'Lelf  of  Iba 
iDDuv&lLUQ  hete  LutluJui^Ltl. 
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{288)  Lon^IlQid'C^i  To  givo  more  defimtcneaa  to  the  devekp 
laent  of  this  subject,  the  figure  in  the  margiQ  will  la  referred  to, 
and  may  be  considered  to  represent  nny  space  enclosed  by  Btraighl 

Let  NS  be  the  Heridiaa  passing  through  th«  extreme  West»i)y 
Statira  of  the  field  A33CPE.  From  laa. 
the  tniddle  and  eads  of  each  side 
dra^r  perpendiculars  to  the  Meridi- 
an. These  perpondiciJara  ■will  be 
the  L^ngituiea  and  Departurea  of 
the  respcctire  eidca.  The  Longi- 
tude, FG,  of  tho  fnt  eoune^  AB, 
U  evidently  equal  t-o  half  its  Depar- 
ture HB,  The  Longitude,  JK,  of 
tho  second  course,  BC,  ia  equal  to 
JL  +  LM  +  or  equal  to  the 
Longitude  of  the  preceding  course, 
plus  half  its  Departure,  plus  kdf 
the  Departure  of  tho  course  itaelf. 
Tho  Longitude,  YZ,  of  Bome  other 
coarse,  as  EA,  taken  anywhere,  13 
eqoftl  to  WX  —  VX  —  UV,  or  equal  to  the  Longitude  of  the  pre- 
ceding  course,  minus  half  its  Departure,  minufl  half  the  Departure 
of  the  course  itself,  ).  €.  equal  to  the  Algebraic  Bum  of  theao  thrco 
l)ans,  roineinbcriiig  that  Westa-hj  Departures  arc  negative,  aud 
tiicrefore  to  be  sultiactcd  when  tiie  directions  aro  to  make  an 
Afgd>raie  addition. 
Jto  avmi  fractioaa,  it  will  be  better  to  double  each  of  the  preced- 
expressiona.    We  shall  then  havo  a 

OEfBRAL  RULE  FOR  FJNDI.SG  DOUBLE  LOSOITUDES. 
The  J}ouU«  Longitude  of  the  PIBST  codbbe  m  «gual  to  it*  De- 
parture. 

Tk^  Double  Lon^tude  0/  the  second  couhse  is  e^iud  to  the 
Diullt!  Longitude  of  the  frat  courts,  plus  the  Departure  of  that 
eourte,  plus  the  Departure  of  the  fecond  course. 

The  Doubts  Longitude  of  the  niniD  corasB  t9  equal  to  the 
Dovhle  Longitude  of  the  second  course,  plus  the  Dtparture  of  thai 
sjurse,  plus  the  Departure  of  the  course  itseif. 
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The  Donlle  Longitude  of  ant  course  is  equal  to  the  Double 
ZortgiiJide  of  the  preceding  course,  plug  the  Departure  of  tJiat 
course,  plus  the  Departure  of  the  course  itself.' 

The  Double  Longitude  of  the  last  courae  (as  well  aa  of  tho  firat) 
is  equal  to  its  Departure.  Its  "  coming  out"  ao,  n-hen  obtained 
by  the  above  rule,  proves  the  accuracy  of  the  calculation  of  all  tliff 
preceding  Double  Longitades. 

(289)  Arras.  We  will  now  proceed  to  find  the  Area,  or  Con- 
tent of  a  field,  by  mean3  of  the  "  Double  Longitudes"  of  its  sides, 
which  can  be  readily  obtained  by  the  preceding  rule,  whatever  their 
□umber. 


(290)  Beginning  with  a  three-sided  feld,  ABC  in  the  figure,  dniTr 
a  Meridian  through  A,  and  draw  perpeniU-  ^'s-  if^- 

eulars  to  it  03  in  the  last  figure.  It  ia 
plain  that  its  content  is  ecjual  to  the  differ- 
ence of  the  areas  of  the  Trapezoid  DBCE, 
and  of  the  Trianglos  AJBD  and  ACE. 

Tho  area  of  the  Triangle  ABD  is  equal 
t'>  the  product  of  AD  by  half  of  DB,  or  to 
the  product  of  AD  by  F<jr ;  i.  equal  to 
the  product  of  the  Latitude  of  the  Ist  eouTBe 
by  its  Longitude. 

The  area  of  the  Trapezoid  DBCE  is  equal 
to  ihe  product  of  DE  by  half  the  eum  of  DB 
and  CE,  or  by  HJj  i.  e.  to  the  product  of 
the  Latitude  of  the  2d  course  by  its  Longitude. 

The  area  of  the  Triangje  ACE  is  equal  to  the  product  of  AE  by 
half  EC,  or  by  KL ;  i.  e.  to  tlie  product  of  the  Latitude  of  the  3d 
course  by  its  Longitude. 

Calling  the  products  in  which  the  Latitude  waa  North,  T^To-rth 
products,  and  the  products  in  which  the  Latitude  was  South, 
South  ProditHSj  we  shall  find  the  area  of  tho  Trapezoid  to  be  a 
Sovih  Product,  and  the  areas  of  the  Triangles  to  be  NoriSi  Pro- 

'  T]io  kat  conrie  ii  a  "  preceUlDg-  coarte"  iq  {tin  Ural  cDars-t;,  nq  will  nppenr  oa 
KfliemWriug  Lliint  ihese  Ivra  coii)^e»  jola  each  oiLet-  6a  \h<i  ground 


riiAP.  Ti.] 


ralcatalliig  tbe  Centcni. 


duets.     The  Difference  of  the  North  Produds  and  the  South 
Products  is  t/ienfcrre  the  desired  area  of  the  tftiee-sid^il  Jirld  ABC, 
UaiDg  the  Doubts  Longitudes,  (m  order  to  avoid  fractions),  in 
each  of  the  preceding  products,  their  difference  will  be  the  douhln 


arca  cf  the  IViaugle  ABC. 


(S91)  Taldag  now  a  four-sided  f  eld ^  ABCD  in  the  figure,  and 
drainng  a  lleridian  and  Eonjitudes  as  be-  fie. 
fore,  it  is  Been,  on  inspection,  that  its  area 
woald  he  obtained  by  taldng  the  tivo  Trian- 
Sles^  ABE,  AI>G,  from  the  figure  EBCDGE, 
or  from  the  sum  of  the  two  Trapeaoids  EBCP 
and  FCDG. 

The  area  of  the  Triangle  AEB  will  be 
found,  as  in  the  last  article,  to  be  ci^uol  to 
the  product  of  the  Latitude  of  the  let  cooiao 
by  its  LoDgitudu.  The  Product  will  be- 
Nortlt. 

The  area  cf  the  Trapezoid  EBCF  will  be 
found  to  equal  the  Latitude  of  the  2d  course 
hj  its  Longitude.  The  product  will  he 
Smth. 

The  area  of  the  Trapezoid  FCDGr  will  be  found  to  aqua!  tha 
product  of  the  Latitude  of  the  3d  course  by  its  Longitude.  The 
product  ivill  be  Sotilh. 

The  area  of  the  Triangle  AUG  will  be  ibund  to  equal  the  pro- 
duct of  the  Latitude  of  tho  4th  course  by  its  Longitude.  Tlie  pro- 
duct will  be  XoTlh. 

The  differtnee  of  the  North  and  South  products  will  i^era- 
/or«  he  the  degircd  area  of  the  four-iided  field  iVBCD. 

Using  the  Davhle  Lwigitude  as  before,  in  each  of  the  preceding 
products,  their  difference  will  be  dmhle  the  area  cC  the  field. 


(292)  Whatover  the  number  or  directions  of  the  eidca  of  a  field, 
or  of  aay  space  enclosed  by  stKught  lines,  its  area  will  always  bo 
•^o&l  to  half  of  the  difference  of  the  North  and  South  Products 
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arising  from  nmltiplying  together  tlio  Latitude  and  Double  Loogi' 
tude  of  each  course  or  eitte.  ■ 
We  have  therefore  the  following 

OESERAL  RUtE  FOR  FINDISO  AREAS. 

1.  Prepare  ten  coluvms,  headed  as  m  tJie  ex-ample  hehwj  and 
in  Uie  first  tlirce  write  the  Statiom,  Bearing*  and  Distanceg. 

2.  Find  the  Latitudes  and  Departures  of  each  course,  hy  th« 
Traverse  Table,  as  directed  in  Art.  (281),  placing  t/iem  in  tJu 
Jour  following  columns. 

3.  BaJance  them,  as  in  Art.  (284),  correcting  than  in  red  ini, 

4.  Find  the  BouUc  Longitudes,  as  in  Art.  (288),  with  refer" 
encc  to  a  MfrlJian  pasting  tlirotigh  the  extreme  East  or  West 
Statiaiif  and  2^ii-^i-'i^  them  in  the  eighth  column. 

5.  Miiltiplg  the  Ihulle  Longitude  of  each  course  hg  the  cor- 
rected Latitude  of  that  course,  placing  the  Kortk  Products  in.  th« 
ninth  eoltimn,  and  Ute  tSouth  Products  (Jt  the  tenth  column. 

G.  Add  ^^p  the  last  two  columns,  subtract  the  smaller  sum  from 
the  larger,  and  divide  tfie  difference  hg  two.  The  quotient  will 
he  tJie  content  desired. 

(2ftS)  To  find  the  most  EaBterl/  or  Westerly  Station  of  a.  sur- 
vey, without  a  plat,  it  ia  best  to  mnke  a  rough  hand-sketch  of  the 
sun'ey,  drawing  tiic  linca  in  aa  approximation  to  their  tnio  direc- 
tions, by  drawing  a  North  aal  South,  and  East  and  West  lines, 
and  eofcsideriiig  the  Bcarmga  aa  fraclioaal  parts  of  a  right  luigle. 
or  90°  ;  a  course  45°  E.  for  example,  heing  drawn  about  half 
tfay  between  a  North  and  an  East  direction  ;  a  course  N.  28"  W. 
being  not  quite  oae-ihird  of  the  way  around  from  North  to  Weat ; 
and  so  on,  drawing  them  of  approximately  true  proportional  k'ngths. 

<39l)  Etample  1,  given  below,  refers  to  the  five-sided  field,  of 
which  a  plat  U  given  in  Fig.  176,  page  151,  and  the  Latitudes  and 
Departures  of  which  were  calculated  in  Art.  (282),  page  175. 
Station  1  \i  the  most  Westerly  Station,  and  the  Meridian  will  bo 
lupposed  to  paaa  through  it,    The  Double  Longitudes  are  best 
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foiiml  by  a  continual  addition  and  subtraction, 
as  ia  tlie  margin,  where  tliey  aro  marked  D.  L. 
The  Doable  Longitude  of  tbe  last  course  comes 
out  equal  to  its  Departure,  thus  proviug  the 
work. 

The  Double  Longitudes  being  thus  obtained, 
are  multiplied  by  the  corrospondiiig  Latitudes, 
and  the  content  of  the  field  obtained  aa  directed 
in  the  General  Bule. 

This  example  may  serve  as  a  pattern  for  the 
moat  compact  manner  of  arranging  the  work. 


ITJl 

1 

+■  1.55  a  I. 

■J-  1.5S 

4-  1.28 

n 
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3 
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1.58 
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3.63 
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4-  7.3S 
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3.4^55 
0,6370 
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II8.87U7 

-)ll.7Sy6 
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5)31-8519 
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The  Meridian  might  ct^ually  well  have 
been  supposed  to  pass  through  the  most  Eaeterly 
fttation,  4  in  the  figure.  Tlie  Double  Lon^tudea 
coald  then  have  been  calculated  aa  in  the  mar- 
gin. They  will  of  course  be  all  "West,  or  minus, 
Tho  products  being  then  calculated,  the  sum  of 
the  North  producta  will  be  found  to  be  29.9625, 
and  of  the  Bouth  producta  8.1106,  and  fbclr 
difference  to  be  21.8519,  the  same  result  aa  be- 
fore. 


4 

—  3  (10  D.  L. 

—  2.00 

—  5-r.3 

S 

—  6.rt!i  D.  t. 

—  S.fiil 

1 

—  7,83  D.  L. 

+ 

+  1-53 

•J 

—  s.oo  n.  I. 

+  l-?3 

+  i.fti , 

3 

—  I.Sfi 

(296)  A  number  of  examples,  witli  and  ivithout  answers,  will 
now  be  given  aa  exercises  for  the  atudeut,  irho  should  plat  them 
by  aomc  of  the  methods  given  in  the  preceding  chapter,  using  each 
of  them  at  leaat  once.  He  should  then  calculate  their  content  by 
the  method  just  giTen,  and  cJieck  it,  by  aleo  calculating  tlie  area  of 
the  plat  by  some  of  the  Geometrical  or  Inatrumental  methods  given 
ift  Parti,  Chapter  IV;  for  no  single  calculation  ia  ever  reliable. 
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All  thi3  examples  (except  the  last)  are  from  &e  autbor'a  aotufti 


Tig-  laG. 


Example  2,  given  below,  is 
also  fulljr  worked  outj  aa  anoth- 
er pattern  for  the  sladcnt,  who 
neeJ  have  no  difficulty  with  any 
poaaible  case  if  he  strictly  fol- 
loTTS  the  directions  wluch  have 
been  given.  The  plat  is  on  a 
scale  of  2  chains  to  1  tuck, 
(=1:1584). 


Ills- 

TAPtCES. 

Lli  TITUSEB. 

DEr'TUll.l.J 

I>l>lflll,e  AREAS. 

E.+ 

W.— 

'  N,  + 

S,  — 

1 

N. 124"  E. 

,61] 

m 

N.  76*  W. 

3.20 

.77 

3.J1 

3.1155 

3 

S.  2Ji"  W. 

l.li 

1.04 

,47 

+  .47 

.4383 

4 

S.  Hff"  B. 

1,53 

1,05 

l.H 

+  l,H 

l.lfiiS 

5 

i.ia 

1,03 

.21 

i,7-J63 

6 

S,77'  E. 

.37 

IM 

4-  3-36 

1 

1.6132 

3.5S 

3,58 

Content=  OA.  3R.  IP. 
Ezamvls  3. 
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Example  4. 


8TA. 

BEARING. 

DISTANCE. 

1 

2 
3 
4 

]^.52°  E. 
S.  2E)J=  E. 
S.  311°  W. 

K.  sr  w. 

10.64 

4.09 
7.68 
7.24 

4A.  8R. 

28P. 

Example  5, 

BTA. 

BEARIHO. 

DISTANCE. 

1 
2 
3 
4 

5 

N.  341"  E. 
E. 

S.  56^  E. 
S.  34'"  W. 
N".  60^"  W. 

2.73 

1.28 
2.20 
3.5-5 
3.20 

Am.    lA.  OR.  14P. 


3TA. 

BBAKINO. 

DiSTANCB. 

1 

2 
3 
4 

S.   21"  W. 

N.  83rE. 
N.  12'  E, 
N.  47*  W. 

12.41 
5.86 
8.25 
4.24 

Am.   4A.  2R.  3(P. 

Example  6. 

STA. 

BEARmO. 

DISTAKCB. 

2 
3 
4 
6 
6 

N.  35'  E. 
S.  56'°  E. 
S.  34°  W. 
X.  50"  W. 
S.  2J)1"  W. 
N.  48 W. 

6.49 
14.15 
5.10 
5.84 
2.52 
8.Y3 

CBiP.  VI.] 
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Exmnple  8. 


STA.    BEARING.  DISTANCI!: 


s.  aii"  w. 

S.  U''  w. 
N.  56= 
N.  34° 
N.  67= 
N.  23" 
N.  ISr  E. 
S.  76^'  E. 


W. 
E, 
E. 
E. 


17.62 
10.00 
14.15 
9.76 
2.30 
7.03 
4.43 
12.41 


Example  9. 


STA 


BEABISO, 


S.  57°  E. 

s.  ser  "w, 

S.  70i°  W, 

N.  56'  "W, 
N.  33i°  E. 
N.  56  "ff, 
N.  33J' E. 


DISTANCE. 


5.77 
2.25 
1.00 
1.04 
1.23 
2.19 
1,05 
1.54 
3.18 


Ana.    2A.  OR.  32P. 
Example  II. 


BEAKISG. 

DISTANCE. 

1 

N.  18^'  E. 

1.93 

2 

N.  9"  TV, 

1.29 

3 

N.  14°  W. 

2,71 

4 

N.  74'  E. 

0.95 

5 

S.  48»^  E. 

l.S'J 

6 

S  E. 
S  19i»  E. 
S.  23  i'  W. 

1.14 

7 

2.15 

8 

1.22 

5 

S.  5'  W. 

1.40 

10 

8.  30°  W. 

1.02 

11 

S.  811°  W. 
N.  32?*  W. 

0.69 

12 

1.98 

SIA.    BEATUXG.  DISTANCE, 


S.  65r  E. 
S.  58°  E. 
S.  14'^  W. 
S.47^  W. 
S.  571'  W. 
N.  56°  W. 
N.  34'  E. 
N.  21i  E. 


4.ys 

8.56 
20.69 
0.60 
8.98 
12.90 
10.00 
1T.62 


Example  10. 


SIA. 

tJIARINO. 

MSJANCE. 

1 

N.  63"  51'  W, 

6.91 

2 

N. 

63*  44'  W, 

7.26 

3 

N.  69"  35'  W. 

3.34 

4 

N.  77^  50'  W. 

6.54 

5 

N.  31°  24'  E. 

14.38 

6 

N.  Sr  18'  E. 

16.81 

7 

S 

68'  55'  E. 

13.64 

« 

S.  68'  42'  E. 

11.54 

9 

S 

33^  45'  \V. 

31.55 

An6.    74  Acrea. 

Example  12. 

STA. 

BBAIUNG. 

DISTANCE. 

1 

N.  721°  E. 

0.88 

o 

S,  20>^  E. 

0.22 

a 

8.  63°  E. 

0.75 

4 

N.  sr  E. 

2.35 

5 

N.  44=  E. 

1.10 

6 

N.  251'  W. 

1.96 

7 

N.  sr  W. 

1.05 

8 

S.  29^  "\V. 

1.63 

9 

N.  7ir  w. 

0.81 

10 

N.  13|'  W. 

1.17 

11 

N.  63^  "W. 

1.28 

12 

West. 

1.68 

13 

N.  49"  W. 

0.80 

14 

S.  194  E. 

6.20 
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Ezamplt  13.  A  farm  is  described  in  an  old  Deed,  as  bounded 
■fliua.  Be^nnang  at  a  pile  of  atonea,  and  numing  Ihencc  twenty- 
Beven  chains  and  acTenty  luilt.'j  Soutt-Kasterlj  alxty-sis  and  a  ha]f 
degrees  to  a  wHte-oaJt  atump;  thence  eleven  chaina  and  sixteen 
links  NortVEasterly  twen-  Fig.  137. 

tj  and  a  half  degrees  to  a 
Lickorj  tree ;  tlience  ttro 
cliains  and  thirtj-Bve  links 
Nortb-Eaaterij  tliirtj'air 
degrees  to  tlie  Soutb-Eaatr 
erly  comer  of  the  liom&- 
Btead ;  thence  nineteen 
cliaina  and  thirty-two  links 
Nortb-Eaeterly  twenty-sL^ 
degrees  to  a  stone  set  in 
the  ground ;  thence  twenty- 
eight  chiuua  and  eighty  linka 
North-Westerly  aixty-sii 
degrees  to  a  pin-e  atump; 
thence  thirty-three  chtuna  and  nineteen  links  South-Westerly 
tirenty-two  degrees  to  the  place  of  bcgiuning,  contiuning  ninety-two 
acres,  be  the  same  more  or  leaa.    Required  the  exact  content. 

(297)  niascb«roai'5  Theorem.    The  surface  of  any  polygon 

it  equal  to  half  the  mm  of  (Jie  pradiit-ts  of  iU  sides  (omitting  any 
one  side)  taken  two  and  two,  into  the  tineg  of  the  angles  wMch' 
tJioae  stdea  m^xke  with  eacli  other. 


ThuB,  take  any  polygon,  such  aa  thfi  five- 
eided  ono  in  the  figLire.  Express  the  angle  vfluch 
tlie  directions  of  any  two  sides,  fl3  AB,  CD,  make 
with  each  other,  thus  (^UJaCD).  Then  will 
the  coBtent  of  that  polygon  be,  aa  below ; 


=  J  [AB  .  BG  .  Eia  (AB  A  BC)  +  AB  .  CD  .  ain  (AB  /\  CD; 
+  AB  .  DE  .  Bin  f  AB  A  1>E)  +  EC  .  CD   sin  (GC  A  CD) 
f  BC  .  DE  .  sin  (BC  A  DE)  -1-  CD  .  DE   sio  (CD  a  DE)] 


CHAF.  rii,]      Tarlallon  of  the  magnetic  l\>edtr. 
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The  demonstration  consista  merel/  in  diTiding  the  polygon  into 
fcrianglca  hy  lines  drawn  from  any  angle,  (as  A)  ;  then  espresang 
tha  area  of  each  triangle  by  half  the  product  of  it3  base  and  the 
perpendicular  let  fall  upon  it  from  the  alore  name!  angle;  and 
finally  ecparatjng  the  perpendicular  into  parts  which  can  each  ba 
cspreaaed  by  the  product  of  some  one  side  into  the  smo  of  the 


(if /J  p.  /n. 


■ 


4Ci>(^B.(Lw  /<8^  teC.i*^  fiCo),    *^  BCD.  i«e'-C{ 


*  Bc.Dr.  »^  ecv  +  CD  £>c.      OoeJ  . 
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accortUng  to  the  locality.  Observationa  of  the  amount  and  th* 
dircctioQ  of  thig  variation  have  been  made  in  ncarlj  all  parts  of  the 
world.  Ih  the  tJoitcd  States  the  VariatioQ  in  t£je  Eastern  Statea 
is  We&teriy,  and  in  the  Western  Statea  is  Easterly,  aa  will  le 
gipen  in  detail,  after  the  metboda  for  detertoimng  the  True  Meri- 
dian, and  consequently  the  Vaiiation,  at  any  place,  have  Leen 
explained. 

TO  DETERMINE  THE  TRUE  MERIDIAN. 

(3<W>  By  equal  shadows  of  the  Sua.  On  tlie  South  side  &f 
any  level  Burfaee,  erect  an  up- 
right staff",  Bhown,  m  horizon- 
tal projection,  at  S.  Two  or 
three  hours  before  noon,  mark 
the  cxtremitjr,  A, of  its  shallow. 
Describe  an  arc  of  a  circle  with 
S,  the  foot  of  the  staff,  for  cen- 
tre, and  SA,  the  distance  to 
the  extremity  of  the  shadoTf,  for  radlua.  About  as  many  Ijoura 
nfler  noon  as  it  had  been  before  noon  wlien  the  firat  mark  was 
made,  "watch  for  the  moment  ■when  the  end  of  the  shadow  touches 
the  arc  at  another  point,  E.  Bigeet  the  arc  AB  at  N,  Draw  SN, 
and  it  will  be  the  true  meridian,  or  North  and  South  line  required. 

For  greater  accuracy,  describe  several  arcs  before  hand,  mark 
the  points  in  which  each  of  thcra  is  touched  by  the  shadow,  bisect 
each,  and  adopt  the  average  of  all.  Tho  shadow  will  be  better 
defined,  if  a  piece  of  tin  with  a  hole  through  it  he  placed  at  the  top 
of  the  staff,  as  a  bright  spot  will  thus  he  substitutod  for  the  less 
definite  shadow.  Nor  need  the  staff  he  vertical,  if  from  its  sununit 
a  ptumb-line  be  dropped  to  the  ground,  and  the  point  which  this 
strikes  be  adopted  as  the  centre  of  the  arcs. 

This  method  is  a  very  good  approximation,  though  perfectly 
correct  only  at  the  time  of  tho  solstices;  about  June  Slst  and 
December  22d,  It  was  employed  by  the  "Romans  in  laying  oai 
cities. 

To  get  the  Variation,  set  the  compass  at  one  end  of  the  Tma 
Meridian  line  thus  Dbtoined,  eight  to  the  other  end  of  it,  and  takn 
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the  BciuiDg  as  tf  an_y  ordinary  line,  TLe  number  of  d&groea  in 
Lho  reading  will  be  the  desired  rariation  of  the  needle. 

(301)  By  tbe  Norlb  Star,  when  in  (he  Meridian.  Tbe  NorUi 
Star,  or  Pole  Star,  (uaJled  by  astroDomers  Alpha  Ursce  Mimria^ 
or  Polaris),  ia  not  situated  precisely  at  tie  North  Pole  of  tlie 
heavena.  If  it  -n-ere,  the  Meridian  could  bo  at  once  determinedly 
Bightiog  to  it,  or  placing  the  eye  at  some  distance  behind  a  plomb- 
line  BO  that  this  line  should  hide  the  star.  But  the  North  Star  ia 
about  1^*^  from  the  Pole.  Twice  in  2i  hours,  ho-weTer^  (more 
precisely  23h.  66m.),  it  ia  in  tJie  Meri- 
dian, being  then  exactly  above  or  below 
the  Pole,  as  at  A  and  C  in  the  figure.  To 
know  ■when  it  is  so,  is  rendered  easy  by  the 
aid  of  another  star,  easily  idenlified,  which 
at  these  times  \s  almost  exactly  above  or 
below  the  North  Star,  i.  e.  situated  in  the 
same  vertical  plane.  If  tlien  we  watch  for 
the  moment  at  which  a  suspended  plumb- 
line  will  cover  both  these  stars,  they  will  then  ibe  in  the  Meridian. 

The  other  star  is  in  tlie  well  knowu  constellation  of  tiie  Great 
Bear,  called  also  the  Plough,  or  the  Dipper,  or  Charles's  Wain. 


Fi».  202. 


■Fis.  2(J3. 


* 


d. 


3-  * 


Two  of  it3  five  bright  stare  (the  right-hand  ones  in  Fig.  202)  u« 
k*nown  aa  thif  "Pointers,"  from  their  i>ointing  near  to  the  North 
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Star,  thus  a^slstm^  in  Ending  it,  The  star  in  th.^  tail  or  boLdle, 
nearest  to  the  four  which  form  a  quadrilateral,  is  tho  star  Tvhich 
cornea  to  the  Meridian  at  the  same  time  with  the  North  Star, 
brjce  ia  24  houi^,  aa  in  Fig,  2Q2  or  It  is  kaown  as  AUoth, 

or  Hpsikti  UncB  Blajoris' 

To  dettfmine  tho  Sleridian  by  this  methcuj,  euspcnd  &  l&ag 
plumb-line  ftrom  s^ta^  derated  point,  such  as  a  stick  pn>Jectiog 
from  the  highest  ^l  indoT  of  a  house  suitably  situated.  The  plumh- 
bob  may  pass  iato  a  pail  of  "water  to  lessen  its  vibrations.  South 
of  this  get  up  the  compass,  at  such  a  distance  froca  the  plumb-liQe 
that  neither  of  the  stars  mil  be  seen  above  its  highest  point,  i.  c. 
iu  Latitudes  of  40^  or  SO^notquitenafarfromthe  plumb-line  aa  it  ia 
long.  Or,  instead  of  su  compass,  place  a  b&ard  on  tivo  staliLCS,  eo 
as  to  form  a  sort  of  beuch,  ruanizi*  East  and  "West,  and  on  it  place 
dqq  of  the  compass-sights,  or  anything  Laving  a  Email  hole  In  it  to 
look  through.  As  the  time  approaches  for  the  Nortli  Stftr  to  be 
m  the  Meridian  (aa  taken  from  tho  table  girca  below)  place  the 
Compass,  or  the  sight,  SO  that,  looking  tlu'Ougli  it,  tlie  plumb-line 
shall  seem  t-o  cover  or  hide  the  North  Star.  As  the  star  moves 
DOG  'waj,  move  the  eye  and  sight  the  other  way,  bo  as  to  coQatantlv 
keep  the  etar  behind  the  plumb-lino.  At  last  AUotJi,  too,  will  bo 
Hovered  by  the  plamb-lino.  At  that  moment  tho  eye  and  tho 
plumb-line  are  (^approximately)  iu  the  Meridian.  Pastea  doi™  tho 
eight  on  the  board  till  raonmig,  or  with  the  compass  take  the  bear 
ing  at  once,  and  the  reading  is  the  variation.f 

Instead  of  one  plumb-line  and  a  eight,  two  jilumb-lines  may  be 
Buapended  at  tho  end  of  a  horizontal  rod,  tummg  on  the  top  of  a 
pole. 

The  Une  thu^  obtiuned  points  to  the  £aat  of  the  true  lino  Mhi^n 
tbs  North  Star  is  above  Alioth,  and  vice  versa.  The  North 
Star  is  e.'cactly  in  the  Meridian  about  IT  minutes  after  it  has  leeti 
in  the  same  vertical  plane  with  Alioth,  and  may  bo  sighted  to  after 
that  interval  of  time,  with  perfect  accuracy. 

•  Tlie  KoMli  Pole  is  very  ncnrl^  at  the  inlorBociion  of  tko  Jino  from  I'olnrii  ta 
Alioiti,  Biid  a.  pcmencliriilu'  la  Uiii  line  fivm  the  imaEl  itar  •eem  ^■  Ilia  left  'df  ii  la 
Fig:  SiK, 

t  If  H  Tmnait  or  ThiHDdiilita  be  nicJ,  th<a  erou-hairi  miial  bo  illuimnaleJ  bjr 
ihrowiu^  Ih'i;  tiglil  of  u  laoi}  into  ihti  ideicupo  by  its  rGf1u(;ljan  from  wtulu  pap«t 
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Another  Iriglit  star,  wliicL  is  oo  the  opposite  side  of  the  Pole, 
and  13  known  to  astronomera  as  Gamma  Cai»ii>pei<£,  also  comes  oa 
the  Meridian  nciirlj  p,t  tlie  same  time  aa  the  ifortli  Star,  and  wiU 
thus  as^t  in  determiQm^  its  directit-n. 

(3(»2)  The  time  at  which  the  North  Stay  pasaca  Uie  Meiidian 
above  the  Pole,  for  every  10th  day  in  the  year,  is  given  iii  the  fol- 
lowing TaWo,  in  common  clock  time."  The  tipper  transit  i$  the 
moat  convenieat^  since  at  the  other  tra^osit  Alioth  is  too  high  to  he 
conveniently  observed. 


MOSTH. 

1st  Day. 

11th  DAT. 

21st  Day. 

II. 

M. 

H. 

M. 

n. 

u. 

January, 

6 

21 

p.  M. 

5 

41 

p.  M. 

5 

02 

p.  K. 

February, 

IS 

F.  a. 

3 

39 

P.  M. 

3 

00 

P.  M, 

March, 

2 

28 

p.  M. 

1 

49 

P*  M. 

1 

09 

P.  M. 

April, 

0 

26 

P.  M. 

11 

47 

A.  M. 

11 

08 

A.  M. 

May, 

10 

28 

A. 

9 

49 

A.  21. 

9 

10 

A,  M. 

June, 

8 

27 

A.  M. 

7 

48 

A.  U. 

7 

08 

A.  11. 

July, 

6 

20 

A.  M. 

5 

50 

A.  H. 

5 

11 

A.  U. 

August, 

4 

28 

A.  M. 

3 

49 

A.  U. 

3 

09 

A.  U. 

September, 

2 

2« 

A.  M. 

1 

47 

A.  M. 

1 

07 

A.  M. 

October, 

0 

28 

A.  M. 

11 

45 

P.  M. 

11 

06 

P.  U. 

November, 

10 

22 

P.  M. 

9 

43 

P.  M, 

9 

04 

P.  H. 

December, 

8 

24 

P.  M. 

7 

45 

P.  M. 

7 

06 

P.  M. 

s 
a. 


*  Til  CKlcxInte  iKe  time  oflLe  North  Sloe  passing  tkrt  Mi^riiliaa  bI  its  c-pper  cnl- 
minalioa ;  Find  in  the  "  Afnerican  Almnnac,"  (bMloji'),  or  Eba  "  AilnmomiMl 
Epbeiiirrii,"  (Wiislaiiglou),  or  llie  "  Knulicnl  AltnsBac,"  (Loudon),  or  by  inlprpo- 
latian  frcim  the  dtiia  nt  llie  end  of  note,  the  right  nsceuiion  of  die  itar,  and  from 
il  (iDcrt'Bied  hj  IViCDly-rDnr  boora  if  neceHaij  to  rsudrr  ibecnblraction  noMiLle} 
■nblmcC  llie  Ri^bl  Bwensiaii  of  the  Sun  al  niBAtl  noon,  or  the  riJercBl  time  M 
racon  noon,  Tor  tbe  given  day,  m  found  in.  ihe  "  Ephcniem  of  ilie  Snn,"  in  llio' 
i.an\e  Almanitci.  From  ili<>  rpQiBioii^r  lublroct  llio  acceleration  of  iTttereBl  on 
meBQ  lime  correspond  lo  ittb  nrmDiodfj-,  (3fa.  5'j6,  S»t  2i  Ijotirs),  and  new 
r^mnin'J^'r  i*  lU?  rvquiriiil  nivaa  solar  limo  uf  the  upf^r  po^joEc  of  the  Btar  bctm 

llic  Meriil.ian,  in  "ABlrotiotnicnl"  reclionirig,  Uia  nslroiioniical  •lay  Legianiug  U 
noon  of  ibe  common  civil  d«y  of  llie  mme  liute. 

Tlie  riglil  aicrrslon  of  the  Norlh  Sur  for  Jan.  I,  1850.  it  Iti.  O^oi,  OlAt. ;  far 
ISGO,  lb.  OSm.  OS.Si.;  for  1870,  lb.  11m.  IG.di.;  (or  1$80,  lb.  14a.  43.1*.  ;  fo» 
1890,  Ih.  18m.  39,39.;  for  1900,  Ih,  SSm.  3U. 

13 


IM 
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To  End  the  time  of  the  star's  passage  of  the  Meridian  for  othct 
days  than  th&sc  given  in  the  Tablc,[tal:e  from  it  the  time  for  the 
day  moat  nearly  preceding  that  desired,  and  subtract  from  this 
time  4  minutes  for  each  day  from  the  date  of  the  day  in  the  Table 
to  that  of  the  desired  day;  or,  more  accurately,  iaterpolate,  by 
sayiag :  A»  the  number  of  days  between  those  ^ven  in  t!i&  Tabic 
is  to  the  number  of  days  fr^m  the  nest  preceding  day  in  the  Table 
to  the  desired  day,  ec  ia  the  difference  bctiveen  the  timca  given  in 
the  Table  for  the  days  next  preceding  and  following  the  desired 
day  the  time  to  be  Buhtracted  from  that  of  the  next  preeeding 
day.  The  first  term  of  the  preceding  proportion  is  always  ten, 
except  at  tho  end  of  months  having  more  or  less  than  30  days. 
For  example,  let  the  time  of  the  North  Star's  passing  the  Jleiidian 
on  July  SGth  be  required.  From  July  21st  to  August  1st  being 
11  days,  wc  have  thia  proportion:  11  days  :  5  days  ::  43  minutes  : 
l^YY  Qunutes.  Talcing  this  from  bhy  lliu.  A.  M.,  ivO  get  4h. 
61  Jm.  A.  M.  for  tho  time  of  passage  required. 

Tho  North  Eiar  pasaes  the  Jleridian  later  every  year.  In 
1860,  it  will  pass  the  Meridian  about  two  minutea  later  than  in 
1854 ;  in  18T0,  five  minutes,  in  1880,  eight  minutes,  in  1890, 
twelve  minutes,  and  in  1900,  sixteen  minutea,  later  than  in  1854: 
the  year  for  whith  the  preceding  tahlo  haa  been  calculated. 

rho  times  at  which  the  North  Star  passes  the  Meridian  belsw 
the  Pole,  in  its  lower  Transit,  can  bo  found  by  adding  lib.  58m. 
to  the  time  of  tho  upper  Transit,  or  by  eubtraolmg  that  interval 
from  it." 

(303)  By  the  North  Star  nt  fts  extreme  elongation.  When 

the  North  Star  is  at  Its  greatest  apparent  angular  distance  East  or 
West  of  the  Pole,  as  at  B  or  D  in  Tig.  201,  it  ia  said  to  be  at  ita 
extreme'  Eastern ,  or  extreme  Western,  Elongation.  If  it  be  observed 
at  either  of  these  times,  the  direction  of  the  Meridian  can  be  easily 

*  Tb«  Korth  Srar,  wbicli  ia  tsaw  flliouE  !•  S'B'  from  llie  Pole,  was  12°  dlislBnl 
from  it  wliFCi  ita  (ilnco  wbi  tint  iveonJ-ed.  In  distnnce  ii  now  dimmi&bin^  aX  the 
rmo  nf  alroul  n  tbmL  or  a  miniite  in.  h  yrsr,  and  will  continue  to  dosalilLit  ap> 
jironchps  In  wiiliin  linlf  a  liegiee,  when  it  will  again  receiic.  Tlic  Lrighlcsl  liar 
In  the  Morlhcm  hcmispkerc,  Alpha  Lyrn,  wHI  bu  tlii;  Fulo  Blnr  in  aIniiLt  lSi004 
VMi-*,  heing  then  wiliim  nhoal  S»  of  lha  Pole,  liiongh  now  more  lliau  51°  diitanl 
from  IE 
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obtained  from  the  observation.  Tlie  great  advantage  of  tliia  method 
over  the  preceding  is  that  then  the  star's  motioa  apprentl^  ceasea 
far  a  short  time. 

(301)  The  following  Tahle  gives  tlic 

TLJIES  OF  ESTREIIE  ELOSGATIONS  OF  THE  ITOETH  STAR." 


HOirrH. 

iBT  Day. 

11th  Day. 

aisr  DAT. 

EASintN. 

WESTERN, 

E-ISTERN. 

SASTEBN. 

TTeSTERN", 

tt.  M. 

a.  hL 

H.  W. 

M. 

H.  M. 

n.  M. 

02TP.M. 

0  19  a.m. 

11 47A.JI, 

11S5P.M. 

110&A.M. 

10  56  P.M. 

Feb'y, 

1024a.m. 

1013  p.m. 

9  45  A.M. 

9  33  P.M. 

906  a.m. 

8  54  P.M. 

March, 

S  34  A.M. 

822  p.m. 

7  55a.m. 

743  P.M. 

7  15a.m. 

'04  p.m. 

April, 

6S2A.U. 

6  20  p.m. 

5  53  a.m. 

5  41  P.M. 

514  a.m. 

5  02  p.>r. 

Maj, 

4S4A.U. 

422  p.m. 

3  55  a.m. 

3  43  P.M. 

816  a.m. 

3  04  P.M. 

June, 

233A.U. 

221p.m. 

153  a.m. 

1 42  P.M. 

114  a.m. 

1  02  P.M. 

J«]j, 

0  85  a.m. 

0  23  p.m. 

11 52  P.M. 

11  44  a.m. 

1113  p.m. 

1105a.m. 

August, 

1030  p.m. 

10  22a.m. 

9  51  p.m. 

943  a.m. 

911p.m.. 

g  03  A.U. 

Sept'r, 

828p.m> 

820  a.m. 

749  P.M. 

741a.m. 

709  p.m. 

TOlA.M, 

Oct'r, 

G  22  A.M. 

5  51  P.M. 

543  a.m. 

512  p.m. 

5  04A.1C 

NoT'r, 

4  28  p.u. 

42lA,M, 

3  49  P.M. 

3  41a.m. 

310  p.m. 

3  02  A.M. 

Tiec'r,  1 

2  30  P.M. 

222  a.m. 

151  P.M. 

112  p.m. 

104  A. 51. 

The  Eastern  ElTOgatlons  from  October  to  March,  md  the  West- 
era  Eio-ngations  froiL  April  to  September,  occurrisg  in  Uie  daj 
time,  thej-  will  geQcrall;  not  be  TisibU  except  with  the  aid  of  a 
powerful  telescope  ■ 


■  To  fslcnlnta  the  timpiof  tlie  grFBtetl  elongation  of  the  NnMh  Slw:  Fiod  in 
one  of  tlie  Almminri  before  rcren'pJ  Co,  or  fruui  ibo  doitD  below,  iu  F»1ar  ilia. 
tBQce  lit  lUe  givta  tiiup.  AiIJ  tho  logarillim  of  ili  tanE'Ciit  to  tiif  losnrlilini  of  ths 
locgcnt  iif  ibu  Laliluil.?  of  ihe  place,  aail  ibe  tMita  will  bo  tUe  iDjjariUitii  of  >li« 
ctMIlls  ft  Ihf!  Hi.uc  lingle  before  or  after  ite  culminaiioii.  BiJucu  tlie  •poce  10 
liroe :  corwcl  for  liJewnl  acc«l(^TBU<in  (3m.  SGi.  for  2J  hours)  aud  mblracl  the 
RiuU  riiirn  iliD  limetif  Ilia  ttai'i  pnuing  ihe  nipritlitin  uti  tliu  (Jay.  lo  gtl  (Iid  tinae 
of  I  he  Eustctii  elniigniini),  nr  ailil  it  lit  i;cC  the  ^Vealeni^ 

Tbe  Piilnrdiiliince  vf  (ite  Nonk  Star,  fur  Tnii.  I,  1830,  is  1' 20' 25"!  f-r  m9', 
!•  aU'  a  :?;  for  !«■(!,  1»  23°  01";  for  1880.  I"  t?  50Mi  fur  19U0,  1»  IG'  W  7; 
(or  1000.  r  13-  32" J!. 


* 
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The  preceding  Table  waa  calculated  for  Latitude  40°.  Ths 
Time  at  wluch  the  Elongations  occur  vary  slightlj^  for  otlicr  Lati- 
tudes. In  Latitude  50",  the  Eastern  Elongations  occur  about  2 
minutea  later  and  the  Weateni  Elongationa  about  2  minutea  earlier 
than  the  tunc-s  in  the  Table.  In  Latitude  2ti°,  precisely  the 
re\-erBe  taJcca  placo. 

Tlie  Times  of  Elongation  are  continually,  tliuugh  slowly,  bccom* 
ing  later.  Tlie  precedini;  Table  was  calculated  for  J\i\j  1st,  1854. 
la  1860,  the  times  will  be  ncaily  2  minutes  later;  and  in  1900, 
the  East«m  Elongations  will  be  about  15  minutes,  and  the  Western 
Elongations  17  minutes  later  than  in  1854. 

C303)  Obstrratlons.  Knowing  from  the  preceding  Table  the 
hour  cuid  minute  of  the  extreme  Elongation  on  any  day,  a  little 
before  that  time  suspend  a  plumb-line,  precisely  as  ia  Art,  (501), 
and  place  yourself  south  of  It  as  there  directed.  Aa  the  North 
Star  moTCB  one  way,  move  your  eye  the  other,  so  that  the  plumb- 
Unc  shall  continually  seem  to  cover  the  star.  At  last  the  star  ■will 
appear  to  stop  moving  for  a  time,  and  then  begin  to  movo  back- 
wards. Fis  the  sight  on  the  board  (or  tho  compass,  &c.)  in  tho 
position  in  which  it  was  when  the  star  ceased  moving  ;  for  the  star 
was  then  at  its  extreme  apparent  Elongation,  East  or  West,  aa  the 
case  may  bo. 

(366)  Azimntbs.  The  angle  which  the  line  from  the  eye  to  the 
plumb-line,  mokes  mtli  the  True  Meridian  (i.  e.  the  angle  between 
the  meridian  plane  and  the  rertica]  plane  passing  tlirough  the  eya 
and  the  star)  is  called  the  Azimuth  of  the  Star,  It  is  given  in  the 
following  Table  for  different  Latitudes,  and  for  a  number  of  years  to 
come,  Eor  tlie  intermediate  Latitudes,  it  can  be  obtained  by  a 
Bimple  proportion,  similar  to  that  explained  in  detail  in  Art.  (302).' 

*  To  ca!ci]1ii1c  lliin  Aziiniitli ;  Frrrn  tho  lagnriLbm  of  tlic  sine  o(  lUi;  Palnr  ilu 
laace  of  the  stnr,  mihtrael  lh«  In.^nrltlirnl  of  th«  COflinii  nrtll«  Lsl:iliidE>  of  iLe  plufol 
Iho  rem»iiiiler  will  bt- ihe  Ingnriilim  of  llic  lino  of  ilie  nnglo  raquireil  Tbe 
tar  diitonca  can  be  oblAiiied  aa  dirrclcd  lu  the  IsbI  oaie. 
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AZEIDTHS  OF  THE  NOHTII  SjTAR. 


1854  j  1S55 

1  1856 

1S5T 

1858 

1859 

18C0 

1870 

2°  ll.i|'|2='  10' 

2=  loi 

2^  15' 
23  12" ' 
2=1  0'J3' 

2^  12' 

230yj' 

23  14 1' 

2^  0t»i' 

49^ 

23  14' 

2^  Til' 

23  12^1 

23  11^' 

2^0«V 

480 

2o  11^' 

2^  11' 

2^' TO  J' 

23 

23  04' 

47  3 

2^09' 

2^  U81' 

2^  08' 

2=>  07J 

2^  OTf 

2-  y5' 

20  021- 

ii3  W|' 

23  UI3 1' 

23t)lJ 

4ij3 

2^015  J' 

23  (J(ji ' 

23  05  J' 

2=04^ 
2-021' 
2^  00^' 

23  041' 

46^ 

2^  04^ 

U4' 

2^  03^' 

2=  oiv 

23  1)2' 

P  57 

23  (j2' 

20  01|' 

23  1)0' 

P  55  i' 

430- 

■2.0  (JO' 

l^oi'i' 

13  59' 

P  58J' 
105 1>|' 

P  58i' 
Poti^' 
1^54V 

13  08' 

P  o3V 

4^^ 

1°  68i' 

58' 

1^67^ 

1?  57r 

13  Ot"' 

P  51  J' 

41^ 

1°  6t>J' 

1^  55|' 

1°  55^ 

P  54 1' 

13  50' 

4U^ 

1°  56' 

P  64' 

P  535 ' 

13  5;li' 

13  53' 

P52A' 

P  48i' 

39^ 

1°  52|' 

1^521' 

1°  52' 

P51| 

13  51i 

P5l' 

P  46|' 

38^ 

1=  51 V 

1^  51  J' 

1^  51' 

10  50^ 

1^5t>' 

P4itJ' 

1^  451' 

37° 

1°  49|^ 

1°  49i' 

P  49' 
!□  473. 

P4K|' 
1^47V 
1^  4ii' 

P  48^' 

13  4S' 

P  44' 

3ti=> 

P  48  J'' 

1°  48' 

P47' 

P4i;.v 

P423' 

35» 

1°  47V 

1^  401' 

P  i'A' 

1M5V 

P  41V 

34^ 

1=  45J'' 

10  454' 

1°  45' 

P44|' 

P  44^' 

P44' 

P  40;' 

33^ 

l?4o' 

l=-t4J' 

1°  44i' 

P  43^1' 
10  42|' 

1^  iA^' 
1^42i' 

P  43' 

P  42J' 

P  39' 

32'^ 

1°  43<' 

1°  4^' 

P  42' 

P41J' 

P  88^ 

10  42%' 

1° 

10  42' 

P  41^ 

P  40^' 

13  41- 

P  40|' 

P40J' 

P  37' 

l^4H' 

1^  4U' 

i°4r 

l«40i' 

P  40' 

13  atl"' 

13  36' 

(307)  Selting  out  a  DIcrWiail.  When  two  points  in  the  direc- 
tion of  tliG  North  Star  at  its  extreme  elonKatiwi  have  been  Fig.  nm. 

PS 

obtained,  113  ia  Art.  (305),  the  True  Meridian  can  be     r  * 
found  thus.  Let  A  a.nJ  B     the  two  points.  Muldpl/  the     '.  I 
iia.tural  tangent  of  the  Azimuth  given  in  the  Talde^bj-  the  ! 
distance  AB.    Tlie  product  will  he  the  length  of  aline  ] 
vliich  is  to  be  set  off  from  B,  perpendicular  to  AB,  to  / 
Bomo  point  C.    A  and  C  will  then  he  points  in  the  True  | 
Meridian.    Thia  operation  may  be  postponed  till  morning.  Ch'tt 

If  the  directions  of  both  the  extreme  Eastern  and  extreme  I 
WesteiTi  elongations  bo  set  out.  the  line  Ijring  midway  U 
betirecn  them  will  be  the  True  Meridian.  i 


m 
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(SON)  DelPriDiQin^  tbe  VarlaHon.  The  variation  would  of 
course  be  given  by  taking  tlie  Bearing  of  the  Meridian  Uiufl 
obtained,  but  can  also  lie  detenninetl  bj  taking  the  Beaiing  of 
the  star  at  the  time  of  the  extreme  ciongntiou,  and  appl^'ing  tlio 
following  rules. 

When  tlio  Azimuth  of  tlie  star  and  ita  magnetic  l>eapliig  are  one 
East  and  tlie  other  West,  the  sum  of  the  two  is  the  Magnetio  Vari- 
tion,  whicli  \s  of  tlie  same  name  as  the  Azimuth ;  1.  e,  East,  if  that 
be  East,"  and  "West,  if  it  be  West. 

Wlien  the  Azimuth  of  the  star  and  its  Magnetic  Beai-ing  an 
both  East,  or  both  West,  their  diiFercnce  is  the  Variation,  which 
irill  he  of  the  same  name  aa  tlie  AzUnuth  and  Bcamg,  jf  the  jVzI- 
muth  be  the  greater  of  the  two,  or  of  the  contrary  name  if  the 
Azimuth  be  the  smaller. 

All  these  cases  are  presented  together  in  the 
figure,  iu  which  P  is  the  North  Pole;  Z  the  jilaee 
of  tliQ  observer;  ZP  the  True  Meridian;  S  ttie 
star  at  its  gi-eatest  Eastern  elongation  ;  and  ZN, 
ZN',ZN",varioua  supposed  directions  of  the  needle. 

Call  the  Azimuth  of  th«  star,  i.  o.  tlie  augle 
rZS,  2=  East. 

Suppose  tlic  needle  to  point  to  N,  and  the  Bear- 
tng  of  the  star,  i.  c.  SZN,  to  be  5*  West  of  Mag- 
netic North.  The  variation  PZN  will  evidently  be 
7"  East  of  true  North. 

Sujipose  the  needle  to  point  to  N',  aaid  the  bearing  of  the  star, 
i.  c.  N'ZS,  to  be  \\°  East  of  Magnetic  North.  Tho  Variation 
will  be  I'  East  of  true  North,  and  of  the  same  name  aa  tlie  Azimuth, 
because  that  ia  greater  than  the  bearing. 

Suppose  tho  needle  to  point  to  N"  and  the  bearing  of  the  Etar^ 
i.  e.  N"ZS,  to  he  10°  East  of  Magnetic  North.  The  Variation 
will  be  8°  West  of  triie  Norths  of  the  contrary  name  to  the  Azimath^ 
because  that  is  the  smaller  of  the  two." 

'  AI°i.-br-nira1Ly-,  ulu-uyii  lahlrdel  ilie  Bearing  fritm  iLe  Admulli,  and  ^ive  Ibe 
it;aiDi](.'r)tRpr(ij»!rroiuiMiig  algi^braiu  sign.    It  will  be  ihu  ViLi-iatinn;  Eaitif  plia, 
and  Wesi,  if  nijiu*.     Tliris  in  Ibe  first  case  abovp,  (tie  Vnrialicm  — 
( — G')  —  +  7^  =  7°Kaa.  In  iho  aeconJ  co»c,  llieTarialion  =  +^  2°^  (4-  U') 

—  +  J°  =  I*  East.    Ill  [he  ihiril  coae,  ike  Variatiuu  =  +  2=  —  I'+IO"^'- 

—  =  8=  \Vc-*t. 
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If  the  star  was  on  the  other  eido  cf  the  Pole,  tho  rules  would 
apply  likewise. 

(3#9)  Other  .lletbods.  llany  other  methods  of  detennimng  the 
true  Mcrtdioa  arc  ctnplojoil;  £ucli  os  hy  equal  altitudes  and  an- 
muths  of  tho  SUd,  Or  of  a  BtOr  ;  hy  one  azimuth,  knoTring  tL^  time  ; 
by  obscrvatiooS  of  cLrcumpolar  stars  at  equal  limes  l>eforo  and  after 
tlieir  CQlmiaation,  or  before  nud  after  thc^ir  greatest  olc>ngatiO'U,  &c 

All  these  methoda  however  require  some  degree  of  aatroDoaiical 
knowledge;  and  those  \Thjch  have  been  e:^pJbiDed  are  abundantly 
soffici'snt  for  all  the  purposes  of  the  ortlioary  Lajid-Surveyor, 

"  Burt'fi  Solar  Compass "  ia  an  instrument  hy  \Yhich,  '*  whca 
adjusted  for  tho  Sun's  declination,  and  the  Latitude  of  tlic  place, 
tbe  aaimulh  of  any  line  from  the  true  North  and  South  can  l>o  rea-d 
o£F,  and  the  differcnco  botwcon  it  and  tho  J3eariug  by  tho  cocupas 
will  then  be  the  variation." 

-  (3L0)  nia^neiic  Tarlaiivu  In  (he  luitcd  Stales.    The  van- 

ntLOu  of  the  Magnetic  needle  in  any  part  of  the  Uiiitod  States, 
can  he  approximately  ohtainGd  bymere  iiiBpecliim  of  the  map 
at  the  beginning  of  this  volume.*  ThroHgh  jill  tho  places  aC 
which  the  needle  in  ISSO.f  pointed  to  the  trne  North,  a  line  is 
drawn  on  the  map,  and  called  the  Zitie  of  }io  Variation.  It  will 
1)0  seen  to  bo  nwu'ly  straif^ht,  and  to  pass  iu  a  N.K.W-  direction 
from  a  little  west  of  Cape  IltitteraSy  N.  0.  through  tho  middle  of 
Virglota,  about  midway  between  Cleveland,  (Ohio),  and  Erie, 
(Pa.),  aad  Lhrougi.  the  middle  of  Lake  Erie  and  Lake  Iliu-on.  If 
followed  South-Eaeter.y  it  would  be  found  to  touch  the  moat 
Easterly  point  of  South  America.  It  is  now  elowly  moving 
AV  est  ward. 

At  all  places  situated  to  the  East  of  this  line  (including  the 
New-England  States^  New- York,Now-Jer&ey,Dela\rare,  Mary- 
land, nearly  all  of  Pcnnsjlvania,  and  the  Eastern  halt'of  Virginia 
nndNgrth  Carolina)  tlie  Variation  la  TV^esterly,  l.c.  the  north  end 
of  the  needlepoints  to  tho  west  of  the  tme  North.  At  all  placei 

*  Ci>pl«d  (by  pcrmissioo'l  from  iiue  prepared  in  1 SSG,  bj  Trot.  A-  D.  ttacbc.  Supt.  U. 
H.  COMt  Saney,  from  the  C.  B,  C.  S.  Ob»crr«Uoni,  Tbe  dolled  portions,  of  Ihc  linn 
Kt  iaicrpolmltuDS  due  to  Ibo  kindness  otJ.  E.  llil^rard,  Assist.  U.  S.  Cout  Surrcf. 

t  A  trriduil  cbanicB  ia  the  Variniioa  ia  itoing  fas  liaai  jeta  lo  yen,  ai  iiiU  b«  as- 
plMDed.  In  tbe  oeit  Cbapter. 
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eihiatud  to  the  West  of  tlila  line  (including  the  TVcstcra  aiiJ  South- 
ern States)  tlie  Variation  is  easterly,  i.  e.  the  North  end  of  tha 
oeedlti  points  to  tho  East  of  tlie  tnia  North.  TJiia  variaUon  itt- 
creases  ia  proportion  to  the  distance  of  tlie  place  on  eillicrHde  of 
the  line  of  no  vEiriation,  reacliing  21°  of  £aaterl_y  Variation  in  Ore- 
ijoii,  tinil  IS'  of  Westerly  Variation  in  Maine. 

Liatt  of  equal  Variaiion  ore  tinea  drawn  through  all  the  places 
■which  hftvfl  the  samfs  variation.  On  the  map  tbej  are  draim  for 
each  degree.  All  the  places  eituatcJ  oa  the  linO  marked  1°,  East 
or  West,  liave  1°  Variation ;  those  on  the  2°  VmQ.  Lave  2'"  Variar 
tion^  &a.  The  Tariation  at  the  intcnucdiato  places  can  he  approxir 
mat<;Iy  estimated  by  the  eye.    These  lines  all  refer  to  1840. 

Tlio  lines  of  equal  Variation,  if  continued  Northward,  would  ail 
racot  in  a  certain  point  called  tUo  Magn^etic  P^le,  and  eitnated  tn 
the  neiyliljorKood  of  90°  AVost  Longitude  from  Grccnivicli,  and  7Q' 
of  Nortli  Latitude.    Towards  tilia  pole  the  needle  tcnda  to  fioitit. 

Another  Magnetic  pole  ia  found  in  the  Southern  henusphcre  ; 
but  the  farther  dcvel&pment  of  tins  sabject  belongs  to  a  treatise  on 
-Natural  Piiilqaophy. 

Tha  Variation  on  the  Pacific  slope  of  thia  country  has  been  rei-y 
imperfectly  ascertained.    A  few  leading  points  are  as  belov,-. 


California ;     Point  Conception, 

Point  Penos,  Monterey, 
Presidio,  San  Francisco, 
San  Diego, 

Oregon;        Cape  Disappointment, 
Ewing  Harbor, 

Wash.  Ter'y-  Scarloro'  Harbor, 


Sept.  1850, 13=  E. 
Feb.  1851, 14' 58'  E. 
Feb.  1852, 15°  2? 
Mar.  1851, 12^  29' 
July,  1S51,  20-  45' 
Nov.  1851, 18=*  20' 
Aug.  1852,  21"  30' 


E. 
E. 

E. 
E, 
E. 


(311)  T*  correct  Magnetic  Bearings.  The  Variation  at  any 
place  and  time  being  kuonTS,  the  Magnetic  Bearings  taken  tliero 
and  then,  may  bo  reduced  to  their  true  Bearings,  by  thcee  Rules. 

RciE  1.  When  Oie  Variation  is  Weat^  aa  it  ia  in  the.Nortlb 
Eastern  States,  tlie  true  Bearing  will  be  the  sum  of  the  Variation 
and  a  Bearing  ivluch  is  North  and  West,  or  South  and  Eas^t ;  and 
tie  difference  of  the  Variation  and  a  Bearing  which  ia  North,  and 
East,  or  South  and  West.    To  apply  thia  to  the  cardinal  points,  a 


cDAP.  Tu.^      Tarfation  of  ihe  Magncllc  Xttdlc, 
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North  Bearing  must  be  called  N.  0°  West,  aa  East  Bearing  N". 
90=  E.,  a  South  Boaring  S.  0"  E.,  and  a  West  Beariiig  S.  90»  Tf. ; 
coiinting  around  from  N'  to  N,  in  Lbe  figure,  and  so  onward,  "  with 
the  Sun." 

The  reasons  for  tliese  eoiTGCtioris 
are  apparent  from  the  Figure,  in  vMch 
th.0  dotted  lines  and  the  accented  let- 
ters represent  tJie  direction,  of  the  nee- 
dle, and  tlio  full  lines  aad  the  imao 
cented  letters  represent  tlie  tme  North  w- 
and  South  and  East  and  West  linca. 

When  the-  sum  of  tlie  Variation  and 
the  Bearing  is  directed  to  be  taicBj 
and  comes  to  more  titan  90'',  tlie  sup- 
plement  of  the  eiim  is  to  be  taken,  and  the  first  letter  changed. 
\VLen  tlie  diSerenoe  is  directed  to  bo  tatcn,  and  tlie  Variation  ia 
greater  than  the  Bearing,  the  last  letter  must  be  chiinged.  A 
diagram  of  tlie  case  mil  remoTC  all  doubts.  Examples  of  all  thcaa 
Cttsoa  are  jnvcn  belnw  for  a  Variation  of  8^  West. 


MAQ5ETIC 
EEAniNO. 

TKL"E 

SIAGXETIC 

TRUE 

North. 

IT.  W  E. 

East. 
S.  60'  E, 
1    S.  89'  E. 

N.  S=  W. 
N.   1=  W. 

N.  32=  E. 
N.  82°  E. 
S.  58"  E. 
N.  83" E. 

Soutli. 
S.  2nV. 
S.  60'  W. 

West. 
X  70°  W. 
N.  83'  W. 

S.  8'  E. 
S.  6"E. 
S.  52'  W. 
S.  82"  W. 
N.  78°  W. 
S.  89"  W. 

Rule  2.  When  tJte  Variation  ia 
East,  as  in  the  Western  and  Sonthcm 
States,  the  preceding  directions  must 
be  exactly  reversed;  i.e.  the  tnie 
Bearing  will  be  the  difference  of  the 
Variatioa  and  a  Bearing  which  U 
North  and  West,  or  South  and  East ; 
and  the  sitm  of  llie  Variation  and  a 
Bearing  which  is  North  and  East,  or 
South  and  West.    A  Nortli  Bearing 


Fig.  207. 
N 


4 


-v- 


-1 


I 
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COMPASS  SURVEl  lA'Ci. 


must  U  called  .N.  0°  E.,  a  West  Bearing  N.  90'  "VV.,  a  South 
Bearing  S.  0°  W.j  and  an  East  Bearing  S,  90^  E.,  counting  from 
to  N,  and  so  onward,  "against  the  sun."  Tlic  reasons  foi 
these  nileg  aro  seen  in  tlie  Figure.  Ei^amples  are  given  below,  fcj 
a  Variation  of  5°  E. 


BIAQNETIC 

TRUE 

■MAQKETIO 

BEIARLVa. 

Korth. 

N.  6°E. 

South. 

S.  o'W. 

K".  40'  E. 

N.  45°  E. 

S.  60°  W. 

S.  65°  W. 

N.  69'  E. 

S.  86'  E. 

S.  87°  W. 

N.  88'  W. 

East. 

S.  85°  E. 

West. 

N.  85=  W. 

S.  I'E. 

S.  4MV. 

N.  70=  W, 

N.  65*  W. 

B.  50°  E. 

8.  45°  E. 

N.  2"  W. 

N.  3°E. 

(312)  T«  snrTey  a  line  vUh  (rac  Bfarln^^s.    The  compasi 

maj  be  set,  or  adjusted,  'by  means  of  the  Vernier,  (noticed  in  Arts. 
(229)  and  (237),  and  shown  in.  Tig.  148,  page  126)  according  lo 
tke  Viiriation  in  any  place,  so  that  the  Bearings  of  any  lines,  then 
taken  with  it  will  be  their  true  Bearings.  To  effect  tliis,  turn  aside 
the  comjiass  plate,  by  means  of  the  Tangent  Screw  which  m&rei 
the  Vernier,  a  number  of  degrees  equal  to  the  Vai-iatiun,  mo^-iug 
the  S.  end  of  tho  Compass-box  to  the  n'^Ait  (tlio  North  end  heing 
supposed  to  go  ahead)  if  tlie  Variation  be  Westerly,  and  vice  vcrea  ; 
for  that  movea  tho  North  end  of  the  Coinpas3-box  in  the  contrary 
direction,  and  thus  makee  a  line  which  before  lYoa  N.  by  the  ncC' 
die,  now  read,  as  it  should  truly,  North,  so  many  degrees,  West 
if  ths  Variatioa  was  West;  and  einularly  in  the  reverse  caaa. 


OHU,  Tilt.  ^ 
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CHAPTER  VIIL 


CHAKGES  n  TUE  rARl.lTIO>'. 

(SIS)  Tiie  Chmgea  in  the  Variation  are  of  moro  practioal 
impoftanco  thcua  its  absolute  amount.  They  arc  of  fo'ir  kinds: 
IrregiJaT,  Diumal,  Annual  and  S«<;alar. 

(314)  Irregular  chanffcs.  The  needle  ia  euljoct  to  sadtlen 
and  riolent  changes,  which  Lars  do  Imo;m  lair.  Tliej  are  some- 
times coincident  with  a  thornier  storm,  or  an  Aurora  Borealis, 
(dui-iflg  which,  changes  of  nearly  1^  in  one  minute,  2^"  in  eight 
ouiiutes,  and  10'  in  one  night,  have  been  observed),  but  often 
nave  no  apparent  cause,  except  an  otherwise  inWsibie  "Magnetic 
Storm." 

(313)  Tht  Ditirfial  fhauffp.  On  continuing  ohscrvaticM  of 
th«  direcUoQ  of  th«  needle  throughout  an  entire  day,  it  wUI 
ba  found,  in  the  ^^orthern  Hcmiaphcre,  that  tbo  North  end 
of  the  oeedlo  mores  Westward  from  about  8  A.  M.  till  ftboat  2 
P.  M.  over  an  arc  of  from  10'  to  15',  and  thon  gradually  returns 
to  il3  former  position."  In  the  Southern  Hemisphere,  the  direction 
of  this  motion  is  reversed.  The  period  of  this  change  being  a  day, 
it  ia  called  the  Bmrnal  Variation.  Its  effeet  on  the  permanent 
Vaiiation  is  necessarily  to  cause  it,  in  places  where  it  is  West,  to 
attain  its  maximum  at  about  2  P.  M.,  and  its  minimum  at  about  S 
A.  M.;  and  the  reverse  where  the  Yaiiation  is  East. 

This  Piumal  change  adds  a  nc^r  element  to  the  inaccuracies  of 
the  compass ;  eince  the  Bearings  of  any  line  taken  on  the  same 
day,  at  a  few  hours  intcrvaU  might  vary  a  quarter  of  a  degree, 
which  would  cauM  a  doTiation  of  the  end  of  the  line,  amounting  to 
nearly  half  a  link  at  the  end  of  a  chain,  and  to  35  links,  or  23 
feet,  at  the  end  of  a  mile.  The  hoar  of  the  day  at  which  any 
important  Bearing  13  taten  slioiild  therefore  be  noted, 

•  A  iiniilar  biii •mailer  mt'^ement  '.nkej  plucoduriua  llic  uigbi. 
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(316)  Tb«  Innaal  Changf.  If  tHo  observations  he  continued 
througlioitt  an  entire  jcar,  it  will  bo  fonQd  that  tlie  Diumal  ehnjigG3 
vary  witli  the  seaaons,  being  a'bout  twice  as  great  in  Summer  as  in 
Winter.  The  period  of  this  change  being  a  year,  it  is  called  the 
Anmal  Variation. 

(317)  The  Sccalar  change.  Wteu  accurate  obsorvationg  on 
the  Variation  of  tlie  nccdio  in  the  enme  place  are  continued  for 
several  yeara,  it  is  found  that  there  is  a  continual  and  tolerably 
regular  incrcago  op  decrease  of  the  Variation,  eontinuing  to  pro- 
ceed in  the  same  diroctioa  Pip  so  long  a  period,  that  it  may  be 
called  tlia  Sesidar  change  of  Variation.* 

The  moat  aucicnj  obaerFationa  are  those  taken  in  Paris.  In  the 
year  1541  the  needle  pointed  7'  East  of  Nortli;  ia  1580  the  Vari- 
ation had  incroaaod  to  11^°  East,  being  its  maximum ;  the  needle 
then  begaa  to  move  Westward,  and  ia  166{3,  it  had  returned  to  the 
Meridian;  tlie  Variation  thoa  became  West,  and  continued  to 
jnerease  till  in  1S14  it  attained  ita  maximum,  being  22''  34'  West 
of  North.  It  13  now  decreasing,  and  in  1853  was  20^  17'  W.  In 
London,  tlio  Variation  in  1576  wag  11°  15'  E. ;  in  1GC2,  0° ;  in 
1700,  9»  40'  W. ;  in  1778,  22'  11'  AV. ;  in  1815,  24=  27'  W. ; 
and  in  1843,  23°  8'  W. 

In  this  country  the  north  end  of  the  needle  "waa  moving  East- 
ward at  tlio  earliest  recorded  observations,  and  continued  to  do  so 
till  about  tha  year  ISlO  (variouslj  rcMiorded  aa  from  1793  to 
1819),  when  it  began  to  move  Westirard  wliich  it  has  ever  since 
contmnod  to  do.  Thus,  in  Boston ^  fmm  1703  to  1S07  the  Varia 
tion  changed  from  9"  W.  to  0"  5'  W.,  and  from  1807  to  1S40,  \t 
changed  £i-om  0°  5'  W.  to  9"  IS'  W. 

Valuable  TaWos  of  tlio  Secnlar  changes  of  the  Variation  in  van 
0U3  parts  of  the  United  States  havo  been  published  by  Prof.  lyoomia 
in  Silliman's  *' American  Journal  of  Science,"  Vol.  34,  July,  1838, 
p.  301 ;  Vol.  39,  Oct.  1840,  p.  42 ;  and  Vol.  43,  Oct.  1842, 
p.  107.  An  abstract  of  the  most  relialjla  of  them  is  here  given. 
Jroy  and  Schenectady  are  from  other  sources. 

■  If  llie  term  "  npclinntion  nf  iho  Noeiillp"  conlJ  b(*  rcslnrwt  In  in  proppr  tme, 
itiif  "  Chungti  of  Variutiun'  wuudl  bs  piupcrly  ciillcit  tlie  "  Vurlnti'oii  orilie  Do 
elioaiion." 


PLACE. 

UTrruDE. 

LOSGITUDE. 

DATES, 

ANSUAL 
MOTIOS. 

R  n  rlin  "ton  V  t 

440  ST' 

73°  10' 

"4.''  i 

42^  53' 

6'  4 

42^  34' 

72^  29' 

1811... 1S37 

5'  7 

rjftByinnii  r^f*   \f iuq 

42°  22' 

1810  1840 

41°  IS' 

72°  58' 

1819  1840 

4'  6 

Kceseville  N  Y 

44°  28' 

1825  1838 

n'  4 

Albany,  N.  Y. 

42°  39' 

73'='  45' 

1818.. ,1842 

U 

1842.  ..1854 

4'.9 

Troy,  N.  T. 

42=  44' 

73«  40' 

1821...1837 

6 '.2 

Schenectady^  N.  T. 

42^  49' 

73^  65' 

1829...1841 

7'.2 

<( 

ii 

1841...1B54 

6'.0 

New-York  City. 

40=  43^ 

74°  01' 

I824...1837 

3',7 

Philadelphia. 

390  57' 

75^  11' 

1813.  ..1837 

S'.6 

Milledgeville,  Ga. 

7' 

83°  20' 

1805...1835 

1'.7 

Mobile,  Ala, 

302  40' 

88^>  11' 

1809...1835 

2'.  2 

Cleveland,  0. 

41=  30' 

81°  4G' 

1825..,1838 

4'.6 

Marietta,  0. 

a9=  25' 

81"  26' 

I810...1838 

2.4 

CincinDati,  0. 

39°  6' 

84°  27' 

1825...1840 

2'.0 

Detroit,  SUoh. 

42^  24' 

82^  58 

1822.,.1840 

4'.3 

Alton,  III 

38°  52' 

90°  1*2' 

1835...1840 

3'.0 

From  these  and  other  ohservatians  It  appears  that  at  present  tho 
lines  of  equal  variation  arc  moving  Westward,  producing  an  annual 
change  of  variation  (increasing  the  Westerly  ancK  Icgscmng  the 
Easterly)  ivliich  is  different  in  different  parU  of  the  coimtrj',  atid 
ia  about  five  or  six  minutes  in  the  North-Eastern  States,  tliree  or 
four  miniittfs  ia  the  Middle  S  tates,  and  two  minutes  in  tlie  So-atliern 
States. 

C3I8)  Drtprminatlon  of  ibe  change,  by  Inlfrpol.idon.  To 

determine  the  chang**  fit  any  place  and  for  any  interval  not  found 
in  the  recorded  obsorvationa,  an  approsiraation,  sufBcient  for  most 
purposes  of  tho  surreyor,  may  be  obtained  by  interpolation  (by  a 
simple  proportion)  between  the  plac€3  given  in  tho  Tables,  assum- 
ing tho  movement^  to  have  been  uniform  between  tlie  given  dates; 
anl  also  aasuming  the  change  at  any  place  not  found  in  tho  Tables, 
to  have  been  intermediate  between  those  of  the  lines  of  equal  varia* 
tion,  which  pass  through  tho  plaoes  of  recorded  observations  on 
each  side  of  it^  and  to  have  been  in  the  ratio  of  ita  respective  dis- 


tancea  from  those  tivo  Iinea  ;  for  example,  taking  tlieir  arithmedca] 
mean,  if  the  required  place  is  audway  between  tbem;  if  it  be  twice 
Vi3  near  one  aa  the  other,  dividing  the  aum  of  twice  the  change  of 
the  nearest  line,  and  onco  the  changu  of  the  other,  by  t^iree  ;  and 
BO  In  other  cases  J  i.  e.  giving  the  change  at  each  place,  a  "  weight '* 
invcvsely  aa  ita  distance  from  the  place  at  which  the  change  is  tc 
be  found. 


(319)  Delermiinatioii  of  (he  cbange,  by  otd  Itnes.  When 
the  former  Hearing  of  any  old  line,  such  aa  a  fana-fence,  &c.  is 
recorded,  the  cliange  in  the  Variation  from  the  date  of  the  original 
observation  to  the  present  time  can  he  at  once  found  hy  setting  the 
compass  at  one  end  of  the  line  and  sigliting  to  the  other.  The 
diflference  of  the  two  Bearings  is  the  required  change. 

If  one  end  of  the  old  line  cannot  be  seen  from  the  otter,  as  ia 
often  the  case  when  the  lino  is  fixed  only  by  a  "comer"  at  each 
end  of  it,  proceed  thus.  Run  a  line  from  one  comer  with  the  old 
Bearing  and  with  its  distance.  Measure  the  distance  from  the  end 
of  this  lino  to  the  other  comer,  to  which  it  will  be  opposite.  Mul- 
tiply tliis  distance  by  57.3,  and  divide  bj  the  length  of  the  line. 
The  C[Uotient  will  be  the  change  of  variation  in  degrees.*. 

For  example,  a  line  63  chains  long,  in  1827  had  a  Bearing  of 
North  1^  East.  In  1847  a  trial  Une  was  nui  from  one  end  of  the 
former  Ime  ivith  the  same  Bearing  and  distance,  and  its  other  end 
■was  found  to  be  125  lints  to  the  West  of  the  true  comer.  The 

1  25  X  57  3 

change  of  Variattm  was  therefore  — ^v^i — -  =  lo.l3T  =  1= 


Westerly. 


03 


*  Lpt  AB  bfi-iUei  m-iglon!  line;  AO  iho  irinl  lino.  Fig.  S0& 

■nil  }IC  ihe  []ti|ui]ce  between  llieir  ciiremitiea, 
AB  fliil  AC  may  bo  rp-Rtirded  ni  railii  «f  a  circto 
anJ  no  na  a  clinrd  of  ilmnrc  wliicb  aubteudi  thdr 
nn^l'p.  Aaaiitiiiiig  lliu  cliortl  auJ  nrc  lo  coincide 
fwhidi  llipy  wiil,  nenrly,  fi>r  imnll  aitglea)  wo 
hnv^  lljiq  prt;iKirtii>n  ■  WLtoleclrdiinlv-'n^m^fl  :  ^i-a 

BC  11  360O  :  UAO  :  or,  2  X  AO  X  i  EC 

un 

I  360b  -  BAG,  wlK-mce  BAG  ~  ~  X  5'7.3 :  or  raoro  predteV  ^7-^^57^ 


BBAF.  VTII.J 


Fbangcs  in  the  Tarlatlon. 


(320)  EflTecls  er  the  Secular  chaoge.  These  are  exceodingly 
important  in  the  rc'Bucvej  of  farm  ^k-  509- 

by  the  Bearings  recorJcd  in  old 
deeda.  Let  SN  denote  the  direc- 
tion of  the  needle  at  the  time  of 
the  original  Survey,  and  S'N'  its 
direction  at  the  1inie  of  the  r&«ui> 
vey,  a  number  of  years  later. 
Suppose  the  change  to  have  been 
S'',  the  needle  pointing  eo  much 
farther  to  the  west  of  North.  The 
Imo  SN,  which  before  was  due 
North  and  South  by  the  needle 
will  now  bear  N.  3"  E.  and  S.  TV;  the  line  AB,  which  before 
was  N.  40"  E.  will  now  bear  N.  43'  E;  the  lino  DF  which  befora 
was  N.  40°  W.  will  now  bear  N.  37=  W;  and  the  Une  WE,  which 
before  waa  due  East  and  West,  will  now  bear  S.  87°  E.  and  N, 
87°  W.  Any  line  Is  similarly  changed.  The  proof  of  this  is  appa- 
rent OB  Inspecting  the  figure. 

Suppose  now  that  a  surveyor,  ignorant  or  neglectful  of  iliia 
change,  should  attempt  to  run  out  a 
farm  by  the  old  Bearings  of  the 
deed,  none  of  the  old  fences  or  cor^ 
nera  wmaining.  The  full  lines  in 
the  figure  represent  the  ori^nal 
bounds  of  the  farm,  and  the  dotted 
Imcs  those  of  the  neio  piece  of  land 
which,  starting  from  A,  he  would 
imwittlngly  run  out.  It  would  be  of 
the  same  size  and  the  same  shape  as 
the  true  one,  but  it  would  he  in  the 
wrong  place.  None  of  its  lines 
would  agree  with  tho  tnia  ones,  and 
in  some  places  it  would  encroach  on 
one  neighbor,  and  in  other  places 
would  karfc  a  gore  ivhich  belongs  to  it,  between  itself  aud  another 
neighhcr.  Yet  thia  is  often  done,  and  is  tho  source  of  a  great  part 
of  the  litigation  amoag  fanners  respecting  their  "  lines." 


a08  COnPiSS  SURVEYIWO. 

(S2I)  To  rnn  out  old  lines,  To  euccecd  in  retracing  old 
lines,  proper  allowance  muBt  be  made  for  the  chajige  In  tke  varia- 
tloQ  since  the  date  of  the  original  survey.  That  date  mvist  Crat 
be  accurately  ascertained ;  for  the  survey  may  be  much  older  than 
the  deed,  into  which  ita  bearings  may  have  been  copied  from  an 
older  one.  The  amount  aud  direction  of  tho  change  is  then  to  be 
ascertaiucd  by  the  methods  of  Arts.  (SIS)  or  (319).  The  bear^ 
ingg  may  then  be  corrected  by  the  following  Rules. 

AVhen  the  Nordi  end  of  the  needle  has  been  moving  Westerly, 
(as  it  has  for  about  forty  years),  the  present  Bearings  will  be  the 
811MJ8  of  the  change  and  the  O'ld  Bearing  which  were  North-East- 
erly  or  So  nth-Westerly,  and  the  dl^erenees  of  the  change  and 
the  old  Bearings  which  were  North- Westerly  or  Soutli-Eaaterly. 

If  the  change  have  been  Easte.rly,  reverse  the  preceding  rulea, 
subtracting  where  it  is  directed  to  add,  and  adding  where'  it  ia 
directed  to  subtract. 

Bun  out  the  Hues  with  the  Beanngs  thus  corrected. 

It  will  be  noticed  that  the  process  is  precisely  the  reverse  of 
that  in  Art.  (311).  The  rules  there  gircn  in  more  detail,  may 
therefore  be  used;  Rule  1,  "  when  liie  Variation  ia  West,"  being 
employed  when  the  chajir/e  has  been  a  movemoat  of  the  N.  end 
of  the  needle  to  the  East ;  and  Rdle  2,  "  when  the  \''ariation  ia 
East,"  bsing  employe!  when  the  N.  end  of  the  needle  has  been 
moving  to  the  West. 

If  the  compass  has  a  Vernier,  it  can  be  act  for  tJm  change,  once 
for  all,  precisely  aa  directed  in  Art.  (3l2),  and  then  the  courses 
can  be  run  out  as  given  in  the  deed,  the  correction  being  made  by 
tho  instrument. 

Exampl*,  The  following  ia  a  remarkable  case  -wliich 
recently  came  before  the  Supreme  Court  of  New- York.  The 
North  line  of  a  large  Estate  was  fixed  by  a  royal  gi'ant,  dated  m 
1704,  as  a  due  East  and  West  line.  It  was  run  out  lu  1715, 
by  a  surveyor,  whom  we  will  call  Mr.  A.  It  was  again  surveyed 
in  1765,  by  Mr.  B.  who  ran  a  course  N.  87°  SO'  E.  It  was  ma 
out  for  a  tlilrd  time  in  1789,  by  BIr.  C.  who  adopted  the  course 
N.  86''  18'  E.    In  1845  it  was  surveyed  for  the  fourth  tuno  by 


oiuF.  Tin.]         Cbahg^es  in  Iht  Tarlalion. 

Mr.  D.  -witli  a  coutm  of  N.  88''  30'  E.    Ho  f-?und  old  "corners," 
"  blazes"  of  a  former  survey,  on  his  Ime,  They  are  also  fmnA 
on  another  Jine,  South  of  Iu3.    Which  of  the  preceding  courec^ 
wore  correct,  antl  ■where  does  the  true  line  lie  ? , 

The  questioQ  was  inveatigatcd  as  follows-  There  were  no  old 
records  of  variation  at  the  precise  locality,  but  it  lies  between  the 
linc3  of  cqaal  vanatioii  which  pass  through  New- York  and  Boston, 
ita  distance  from  the  Boston  liae  being  about  twice  its  distance  from 
the  Neiv-York  line-  The  recorth  of  those  two  cities  (referred  to 
m  Art.  (317))  could  therefore  he  used  in  the  manner  explained 
in  Art.  (318)*  For  the  later  dates,  ohscrvaticois  at  New-HaTCn 
could  serve  m  a  check,  Combining  all  these,  the  author  inferred 
the  variation  at  the  desired  place  to  have  been  as  follows : 
In  1715,  Yariatioti  8°  02'  West. 

InlTOo,       "      5°  32'     «        Decrease  since  1715,  2o  30', 
In  1789,       "      50  05:     "        Decrease  since  176o,  O'^  tLJ'. 
In  1845,      "      T°  23'    "        Increase  since  17SD,  2^  18;, 
\Xe  are  now  prepared  to  esamiDe  the  correctness  of  the  allowancea 
mado  by  the  old  surveyors. 

The  conrac  mn  by  Jlr.  B.  in  17C5,  N.  87°  30'  E.  made  id 
allowance  of  2°  30'  as  the  decrease  of  variation,  agreeing  precisely 
\si(k  our  calculatioa  Tlie  course  of  Mr.  C.  in  1789,  N.  80°  18' 
E.,  allowed  a  change  of  1°  12',  wluch  was  wrong  by  our  colcola- 
tiot),  which  gives  only  about  27',  and  was  deduced  from  tliree  diP 
fercnt  records.  Mr,  D.  in  1845,  ran  a  course  of  K.  88=  30'  E, 
calling  the  increase  of  vai-iation  since  1789,  2^  12',  Our  cstiDiate 
was  2^  18',  the  difference  being  comparatively  small.  Our  con- 
clusion then  is  this :  the  second  surveyor  retraced  correctly  the  line 
of  the  first:  the  third  surveyor  ran  outa  Ti«f  and  incorrect  line ;  and 
the  fourth  surveyor  correctly  retraced  the  line  of  the  third,  and  found 
liis  marks,  but  this  line  was  wrong  originally  and  therefore  wrong 
now.  All  the  eurvejora  ran  their  lines  o^n  Uie  supposition  that  the 
original  "  due  East  and  West  line  "  meant  East  and  West  a3  the 
needle  pointed  at  the  time  of  the  original  survey. 

The  preponderance  of  the  testimony  as  to  old  land  marks  agreed 
with  the  results  of  the  above  reasoning,  and  the  decision  of  the 
cuurt  was  in  accordance  therewith. 
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In  &e  above  figure  the  horizontal  and  vertical  linea  represent 
true  East  aad  North  lines  ;  and  the  two  upper  lines  running  from  left 
to  right  repreaunt  the  two  liaea  act  out  hy  the  survejora  and  in  the 
jears,  there  ntuned. 

(323)  ReniPdy  for      eilh  ftf  the  Secular  change.  Tho 

only  complete:  remedy  for  the  diaputea,  and  the  uncertainty  of 
bomda,  resulting  from  the  contdnued  change  ia  the  tarialaon,  ia 
this.  Let  a  Meriiliati,  i.  e.  a  true  North  and  South  line,  be  estab- 
lished in  every  town  Or  couttty,  hy  the  authority  of  the  State  ; 
moaaments,  such  as  stonea  set  deep  in  the  ground,  being  placed  at 
each  cad  of  it.  Let  every  surveyor  be  obliged  by  law  to  tost  hia 
Compass  by  this  line,  at  least  Once  in  eaoh  year.  Tlii3  he  COuld 
do  M  easily  as  in  taking  tlie  Beiring  of  a  fence,  by  eetung  las 
imtriimen  t  on  one  monument,  and  sighting  to  a  staff  held  oa  the  other. 
Let  tlxe  variation  thus  ascertained  be  inserted  in  the  notes  of  the 
survey  and  recordeil  in  the  deed.  Another  surveyor,  years  or 
centuries  afterwa.rd3,  could  teat  Ida  compass  by  taking  the  Bearing 
of  the  same  monuments,  and  the  difference  bct'recn  this  and  the 
former  Bearing  would  be  the  change  of  variation.  He  could  thus 
determine  with  entire  certainty  the  proper  allowftDOO  to  be  tQftde 
(as  in  Art.  (321))  in  order  to  retrace  the  original  line,  no  matter 
how  much,  or  how  irregularly,  the  variatiiin  may  have  changed,  or 
how  badly  adjusted  was  the  compass  of  the  original  eurvey.  Any 
permanent  line  employed  ia  the-same  manner  as  the  meridian  line, 
would  nnswcr  the  same  purpose,  though  leaa  conveniently,  and  evei^ 
surveyor  should  liavo  such  a  line  at  least,  for  hia  ov/n  use," 

*  Tills  rpinetly  ii'pmt  \f>  have  bpt-a  first  atisgcateJ  by  RjllenliiniBe,  li  has  vnco 
hmi  n^omrnpinIiMl  hy  T.  Bupwilli,  In  1822";  by  E.  F.  Joliinoii,  in  1831,  and  by 
W.  RiibDrig,  iif  TroT.  ia  1839.  The  errorj  of  re-aun'M's.  in  winch  the  clmnpe 
U  neglectnir  wi'ru  uoticoil  la  iho  "  PbiloioiihicdTrDiiiaciiaii^"  an  loog  oga  u  ISTB 


PART  IV. 


TRANSIT  AND  THEODOLITE  SURVEYING: 

Bii  Uie  Third  Method. 


CHAPTER  L 

THE  nSTRCfltlEXTS. 

(Sliy  The  Transit  anl  Ihe  Tusodolixb  (Sgurcs  of  Thlch  an 
g^ren  on  the  next  tivo  pages)  arc  Qoniomeiere^  or  Angle-Measurera. 
Each  coDsistd,  easendallj,  of  a  circular  plate  of  jnetal,  supported  ia 
euch  a  maimer  as  to  La  horizontal,  and  divided  on  its  outer  circum- 
ference into  degrees,  and  parta  of  degrees.  Through  the  centre  of 
Uiia  plate  pcisses  an  upright  and  on  it  is  fixed  a  second  circu- 
ar  plate,  which  nearly  touchea  the  firat  plate,  and  can  turn  freely 
aroond  to  the  right  and  to  the  left;.  Tiu3  second  pUte  carries  & 
Telescope,  which  rest*  on  uprigLt  standards  firmly  fixed  to  the 
plate,  and  which  can  be  pointed  upwards  and  downwarda.  By 
the  combination  of  this  motion  and  that  of  tho  second  plate  around 
its  axia,  the  Telescope  can  ba  directed  to  any  object.  The  second 
plato  lias  some  mark  on  its  edge,  such  as  an  arrovi'-hcad,  which 
Bervcs  as  a  pointer  or  index  for  the  divided  circle,  like  the  hand  of 
a  clock,  Wliftn  the  Telescope  ia  directed  to  one  object,  and  th^u 
tuiTicd  to  the  right  or  to  the  lefl,  to  somo  other  object,  thia  index, 
-which  moves  witli  it  and  p^cs  around  the  divided  edge  of  the 
other  plate,  points  out  the  arc  parsed  over  by  this  change  of  direc- 
tion, and  thus  meaiiujcs  the  Angle  made  by  the  lines  imagined  t4 
fiA^  from  the  centre  of  the  instrument  to  ihe  two  objects. 
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THE  THEODOLITE. 

Fig.  313 
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(825)  Djstincllon.    Tlie  preceding  description  applies  to  both 
the  Transit  ami   tlio  Tlieod-olitc.    But  an  essential  (llffercncfl 
between  them  is,  that  in  tlic  Transit  the  Telescope  can  turn  com 
pletely  over,  eo      to  loot  both  forward  and  backward,  while  in 
the  Theodolite  it  cannat  do  so.    Hence  the  name  of  the  TranBit.' 

This  capability  of  reversal  enables  a  straight  liae  to  be  prolonged 
from  one  end  of  it,  or  to  be  ranged  oat  in  both  directions  from  any 
one  point.  The  Telescope  of  the  Tlieodolito  can  indeed  he  taten 
out  of  the  Y  shaped  sapports  in  wbich  it  rcata,  and  be  replaced 
end  for  end,  but  this  operation  is  an  imperfect  Buhstitute  for  tlio 
revolution  of  the  Telescope  of  the  Transit.  So  also  is  tlie  tuming 
half  way  around  of  the  upp^r  plate  irLicL  carries  tlie  Telescope. 

The  Theodohtehas  alevel  attached  toils  Telescope,  and  a  vertical 
circle  for  m-oasui'lng  vertical  angles.  The  Transit  does  nc-t  usually 
have  th<!3e,  though  they  are  sometimes  attdod  to  it.  The  instru- 
ment may  then,  be  nimed  a  Traasit-Theodolit'e.  It  then  corre- 
epottda  to  the  altitude  Mid  azimuth  jrati'umeiit  of  Astronomy.  As 
tho  greater  part  of  the  points  to  be  explained  are  conamon  to  both 
the  Transit  and  the  Theodolite,  ths  descriptions  to  be  given  may 
b<!  regarded  as  applicable  to  either  of  the  instmtaenta,  except  when 
"  the  contrary  is  expressly  stattd,  and  some  point  peculiar  to  either 
is  noticed. 

(326)  The  great  value  of  these  instmmentaj  and  the  accuracy 
of  their  meaaurements  of  angles  are  due  chiefly  to  two  things  ;  to 
the  Telescope,  by  wluch  gi'cat  precision  in  Bighting  to  a  point  is 
obtained ;  and  to  the  Vemier  Scale,  which  enables  minute  portions 
of  any -arc  to  be  read  with  ease  and  correctness.  The  former 
asastg  the  eye  in  directing  the  lino  of  aiglit,  and  the  latter  aids  it 
in  reading  off  tho  results.  AiTangcmcnta  for  ^ving  slow  and 
eteady  modon  to  tlio  movable  parts  of  tho  iaistruiucntg  add  to  the 
vftlue  of  the  above.  A  contrivaneo  for  Repealing  the  ohaervation 
of  angles  etill  farther  Icsacns  the  unavoidable  inaccuracies  of 
these  observationB. 

*  li  la  sonieLimM  colled  tie  "Engineera'  Trne^t,"  or  "Railroftd  Trtit4ttt''ta 

duiinguisli  it  frtrm  ABtronomicnt  Tracsit'imtiumeiit  In  fAUDtry  it  tu 
tltnost  ('Dtirelj'  supplanted  thu  TUec^oLite. 
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Tbe  Imtranents. 
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Tiie  inaccurate  dimion  of  the  Umb  of  the  instrument  ia  alac 
averaged  and  tb«3  dimiiiishcd  by  the  Lost  arrangemoiit,  Ita  Tvaiit 
of  true  eontring,"  is  remedied  l>y  reading  off  on  opposite  sides 
of  tlie  drcle. 

Imperfections  m  tlio  paralielism  and  perpcndicnlai'ity  of  the  parts 
of  the  instrtunent  in  which  those  qualities  are  reijuiredj  arc  cor- 
rected by  various  '*  adjuatments,"  made  by  the  various  Bcrewa 
whose  beads  appear  in  the  engravings. 

The  an-angeincuts  for  altimiiug  all  these  objecta  render  neeeasary 
the  numerous  parta  and  apparent  complicatioQ  of  the  instrument. 
But  this  complication  disippeara  when  oaeh  part  is  cxanuned  in 
turn,  and  ita  uses  and  rclaUons  to  the  rest  aro  distinctly  mdicated. 
Thii  we  now  propose  to  do,  after  explaining  the  engraving, 

(327)  In  figures  of  the  instruments,  gii'en  on  pages  212  and 
"213,  tha  Bamc  letters  refer  to  both  figurea,  so  far  as  the  parts  are 
common  to  both.'  L  ia  the  limb  or  divided  circle.  V  is  the 
index,  or  "Vernter,"  which  moves  around  it.  In  the  "Fraaait,  only 
a  email  portion  of  the  divided  limb  13  seen,. the  upper  circle  (which 
in  it  ia  the  movable  one)  covering  it  completely,  so  that  only  a 
short  piece  of  the  aro  ia  visiblo  through  an  opening  in  the  upper 
plate.  S,  S,  are  standards,  fastened  to  the  upper  plate  and  sap* 
porting  tlie  telescope,  EO.  G-  is  a  compass-box,  also  fastened  to 
the  upper  plate,  e  ia  a  clamp-screw,  which  presses  together  the  two 
plates,  and  prevonla  ouo  £huq  ipoving  over  the  other.  ( is  a  tangent- 
Bcrow,  or  glow-motion  screw,  which  gives  a  slow  and  gentle  motion 
to  one  plate,  over  the  other.  C  is  a  chunp-serew  wliich  fastens  tha 
lower  plate  to  the  body  of  the  instrument,  lind  thus  prevents  it  from 
moTing  on  its  own  axis.  T  is  the  iangenUecrew  to  give  tliis  part  a 
slow-motion.  P  and  V  aro  parallel  plates  through  which  pass  four 
serewa,  Q,  Q,  Q,  Q,  by  which  the  cixcukr  plato  L  is  made  level, 

*  The  armiigcmpnls  of  liieae  inalniraenU  arc  liilTi'rcntly  mstlo  by  aHmosl  every 
(uokfr;  Ijin  any  (ana  of  lli^m  being  iburo'iglily  uinlri'sliHul,  any  nevv  one  will 
eansp.  no  diffienlw.  The  fi(nirii  uf  ttiC'  Transit  nut  Jrnwii  from  ore  nvadp  br  W. 
dc  L,  B.  Gurley,  of  Tniy,  N.  Y.  In  ihi-  Intlpi  iif  '.vlioiii  ilip  Auilior  is  indebted  fo* 
valuoblo  infiHTDHTinij  resnecliiig  the  delaili  of  llio  iustrumcal.  The  Tbeodo 
1>I3  ia  of  tbc  favoni-e  Eugliah  torm. 
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as  dctemiued  hy  the  tiuTjlilog  in  the  smaJl  spirit  Icvcli,  B,  B,  of 
wluck  there  arc  two  at  right  angles  to  cacli  other. 

la  the  figure  of  tins  TheoiMite,  the  large  level  5,  and  the  Bemi- 
circle  NN  ore  for  the  purposes  of  Levelling,  and  of  measiiriu^ 
Vcrtica!  aiij^les.    Thoj  will  therefore  not  be  described  in  tliis  place. 

(328)  As  tho  value  of  either  of  these  insti'umenta  ilepcnda 
greatly  on  the  accuiite  fitting  and  bearings  of  the  two  concentri-c 
vertical  axc3,  and  as  their  cQiuiectioa  ought  to  be  thoroughly  under- 
stxjod,  a  vertical  section  through  the  body  of  tho  iostrument  is 
given  in  Fig.  214,  to  half  the  real  size.    Tlte  tapering  spondle  ojr 


inverted  frustum  of  a  cono,  marked  AA,  supports  tlio  upper  platfl 
BB,  which  carries  the  index,  or  Verniers,  V,  V,  and  the  Telesco|>c. 
The  whole  bearing  of  this  plateig  at  C,  C,  on  the  top  of  the  hollow 
inverted  cone  EE,  in  which  tlio  spindle  tama  freely,  hut  steadily. 
This  interior  position  of  the  bcjiringa  preacn-ea  tlieta  from  dust 
and  injury.  This  hollow  cone  carries  the  lower  or  graduatfld  plate, 
and  it  can  itaelf  turn  around  on  thij  bearhigs  D,  T>,  carrying  witii  it 
the  lower  circle,  and  also  the  upper  ono  and  all  above  it. 

The  Vernier  acalea  V,  V,  arc  attached  to  tho  upper  plate,  but 
lie  in  tho  same  plane  na  the  divisiona  L,  L,  of  the  lower  plate,  (sa 
lhat  the  two  can  be  viewed  together,  without  parallax,)  and  arc 
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covered  with  glass,  to  exclude  dust  and  moisture.  In 
t!ie  figure  the  liatcliiogs  are  drawn  in  difFerent  directions 
on  tJio  parts  whicli  movie  with  the  Venuer,  and  on 
t]io5e  ivhicli  move  only  with  tha  Itmb. 

(329)  The  Tvleicopie.  Tlus  is  a  combination  of 
lenses,  placed  in  a  tube,  and  so  arranged,  in  accordance 
■with  the  laws  of  optical  science,  tLat  aa  unaj^e  of  any 
oliject  to  wliich  tho  Telescope  raay  be  directed,  is  formed 
TsitJun  the  tube,  (by  the  ra^-3  of  Iiglit  coming  from 
the  object  and  bent  in.  passing  througli  the  objoct-^Iass) 
and  there  magnified  by  an  Eye-glass.,  or  Eye-piece,  com- 
poecd  of  several  lenaea.  Tbe  arrangement  of  these  lenses 
are  ?ery  various.  Those  two  combinations  wbicb  are  pr(3- 
ferred  for  smreying  inatrmticnts,  wUI  he  Iiere  explained, 

pig.  215  represe-nts  a  Telescope  which  inverts  objects. 
Any  object  is  rendered  visible  by  every  point  of  it  send- 
ing forth  ray3  of  light  in  eveiy  direcdon.  In  this  figure, 
tho  highest  and  lowest  points  of  the  object,  which  here  ia 
an  arrow.  A,  are  alone  considered.  Those  of  the  rays 
procooding  from  them,  wHch  meet  the  object-glass,  0, 
form  a  cone.  The  centre  line  of  each  cone,  and  its  ex- 
treme upper  and  lower  lines  are  alone  shoim  in  tlie 
figure.  It  will  ho  seen  that  these  rays,  after  passing 
through  the  object-glass,  are  refracted,  or  bent,  by  it, 
so  aa  to  cross  one  another,  and  thus  to  form  at  H  an 
inverted  image  of  tho  object.  This  would  be  rendered 
visible,  if  a  piece  of  ground  glass,  or  other  semi-transpa- 
rent substance,  was  placed  at  the  point  B,  which  is  called 
the  focus  of  the  object-glass.  The  rays  which  form  this 
image  continue  onward  and  pass  through  tho  two  lenses 
C  and  T),  wliiclt  act  like  one  magnilyiug  gla^s,  so  that 
tlio  rays,  after  being  refracted  by  them,  enter  the  cyo 
St  such  angles  as  form  there  a  magnified  and  invert- 
ed imago  of  the  object.  This  combination  of  tho  two 
planoconvex  lenses,  C  and  D,  is  known  aa  "  Ramsden's 
Ey>pieco." 
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Thig  Tele&eope,  inverting  olijecta,  sliowa  them  upside 
fiomi,  and  tlie  ri^bt  side  on  the  left.  They  can  be 
shofl-n  erect  bj  adtUag  one  or  two  more  lenses  as  in  the 
margiual  figcro.  But  as  these  lenses  ahaorb  light  and  loa- 
sen  the  dlstinctnoas  of  \isionj  the  former  arrangement  is 
preferalile  for  the  glasses  of  a  Transit  or  a  Thoodolit-e. 
A  little  practice  makes  it  equally  convenient  for  the 
observer,  who  Boon,  becomes  accustomed  to  accmg  Lis 
flagtaeii  standing  on  their  heads,  and  soon  learns  to 
motion  them  to  the  right  trhen  he  Tsishes  them  to  go  to 
the  left,  anil  vice  vena. 

Figaro  216  represents  a  Telescope  which  shows  ob^ 
jeets  erect.  Ita  c_ye-pieee  has  four  lenses.  The  eye- 
piece of  the  common  terrestrial  Telescope,  or  spy-glass, 
lias  three.  Many  other  combinations  may  be  used,  all 
intended  to  show  the  ohjoct  achromatieoUy,  or  free  from 
false  coloring,  hut  the  one  here  shown  is  that  most  gene- 
rally preferred  at  the  present  day.  It  will  be  seen  that 
an  hiverted  image  of  the  object  A,  is  formed  at  B,  as 
before,  but  that  the  rays  continuing  onward  are  so 
pe&aeted  in  passiDg  through  the  lens  C  aa  to  again 
cross,  and  thua,  after  farther  refraction  by  the  lenses  D 
and  E,  to  form,  at  IT,  an  erect  imago,  which  is  magni- 
fied by  the  loB3  G. 

In  both  these  figures,  the  lunits  of  the  page  render 
it  necessary  to  draw  the  angles  of  the  rays  very  much 
out  of  proportion. 

(330)  Cross-lialrs.  Since  a  considerable  field  of 
view  is  seen  in  looMng  through  tlio  TeloBCOpe,  it  is 
necessary  to  pronde  means  for  directing  the  lino  of  sight 
to  the  precise  point  wliich  is  to  be  observed.  This 
oould  be  effected  by  placmg  a  very  fine  point,  such  as 
that  of  a  needle,  within  the  Telescope,  at  some  place 
where  it  could  be  distinctly  seen.  In  practice  this  fine 
point  is  obtained  by  tho  intersection  of  two  very  fine 
Lines,  placed  in  the  commons  focus  of  the  object-glass  and 
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ot  the  eje-piece.  These  linea  are  called  the  woas-^iV*,  or  ^Toea• 
wires.  Their  intersection  can  be  seen  through  the  eye-piece,  afe 
the  same  time,  and  apparently  at  the  same  place,  as  the  image  of  tha 
distant  object.  Hie  magnifying  powers  of  the  eye-piece  will  then  de- 
tect the  aliyhtcst  deviation  from  perfect  coincidence.  "Tliis  applica- 
tion of  the  Telescope  may  ho  considered  aa  complctiily  annihilat- 
ing that  part  of  tlie  error  of  ohservatioa  wlueh  miyht  othermsfi 
ariae  from  an  erroneous  estiination  of  the  directioa  in  irhich  an 
olycct  lies  frem  the  observer'a  eye,  or  from  the  centre  of  the  instro- 
ment.  It  is,  in  fact,  the  grand  eotirce  of  all  the  precision  of  modem 
Astrononiy,withoutiTliich  all  other  rcfinementa  ininstrument-al  work 
manahip  would  be  thro™  away."  "What  Sir  John  Herschel  here 
Bays  of  ita  utility  to  Aatfonomy,  ii  equally  applicable  to  Surveying. 

The  ima^'inary  line  ^hieh  passes  through  the  intei^ecdon  of  thi 
erosa-bairs  and  the  optical  centre  of  the  object-glass,  ia  called  tht 
line  of  coUimathn  of  the  Telescope.* 

The  cros5-hairs  are  attached  to  % 
hruss,  pUccd  within  the  Tele- 


ring,  or  short  thick  tube  <>f 
Fig.  217. 


Bcope  tube,  tlirough  holes  in 
which  pass  loosely  four  screTra, 
(their  heads  being  seen  at  ti, 
a,  fl,  in  Figs,  212  and  213), 
whose  thrcafla  enter  and  take 
hold  of  the  ring,  behind  or  in 
front  of  the  cross-hairs,  as 
Bhown  (in  front  view  and  iu 
section)  m  the  two  fiigurea  in 


the  margin.    Their  movements  will  be  explained  in  Chapter  HI. 

Usually,  one  cro35-hair  is  horizontal,  and  the 
other  vertical,  as  in  Jig.  217,  but  flOmeSmea  they 
are  arranged  as  in  Fig.  218,  which  is  theught  to 
enable  the  ohject  t-o  he  bisected  with  mere  precv- 
Bion.    A  homontal  hair  is  sometimes  added. 

The  eroas-tairg  are  best  made  of  platiaom  we, 
drawn  out  very  fine  by  being  previeualy  enclosed 

*  Frcini  tlie  Latin  word  CulUmif,  ot  CcHimni,  menning  lo  direst  one  thiog  tft 
words  auoil]  ci  iu  o.  BCmislit  line,  ur  to  nim  aL   The  Jim  cf  mm  would  eipreu  *■ 
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in  a  larger  wire  of  silver,  and  the  eilver  then  removed  by  nitrio 
acid.  Silk  threads  from  a  cocoon  are  sonaetiincg  used.  Spidera' 
threads  are,  however,  the  most  usual.  If  a  cross-hiur  is  Ltoken, 
the  ring  miTst  bo  taken  out  by  removing  tivo  opposite  BCrews,  and 
inserting  a  wire  with  a  screw  cut  on  ita  ead,  or  a  stick  of  suitable 
size,  into  one  of  the  holes  thus  left  open  m  the  ring,  it  being  turned 
eidewajs  fur  that  purpose,  and  then  re-moving  the  other  screws . 
The  spider's  threads  are  then  stretched  across  the  notches  seen  in 
the  end  of  the  ring,  and  are  fastened  by  gum,  or  vajTuah,  or  bee^ 
wax.  The  operation  is  a.  very  delicate  one.  The  following  plan  has 
been  employed.  A  piece  of  wire  is  bent,  as  in  the  figure,  so  as  to 
leave  an  opening  a  Utdo  wider  than  tho  t%  sis. 

nng  of  the  cross-hairs.    A  cobweb  is  eho-  ^^p=;f~ \[\l\f\f\f[ 
sen,  at.  the  end  of  which  a  spider  is  hang- 
in^')  and  it  is  wound  around  the  bent  wire, 
03  in  tho  figure,  the  weight  of  tho  insect 

keeping  it  tight  and  stretching  it  reaJy  for  use,  each  part  heing 
made  fast  hy  gum,  &c, '  When  a  cross-hair  is  wanted,  one  of 
these  is  laid  across  the  ring  and  there  attached.  Another  method 
ia  to  draw  the  thread  out  of  the  spider,  persuading  him  to  apia,  if 
he  sulks,  by  tossing  him  fi-ora  hand  to  hand.  A  stock  of  snch 
tlu'eads  must  be  ohtiuned  in  warm  weather  for  the  winter's  wants. 
A  piece  of  tliin  glaaa,  with  a  horizontal  and  a  vertical  line  etclied 
on  it,  may  he  made  a  substitute. 

(331)  Instmmfulal  Parnllan.  This  is  an  apparent  movemeas 
ef  the  cross-hairs  about  the  object  to  which  the  lino  of  sight  ia 
directed,  taking  place  on  any  slight  movement  of  the  eyo  of  the 
observer.  It  ia  caused  by  the  imago  and  the  cross-haira  not  being 
precisely  ia  the  eonunon  focus,  or  point  of  distinct  vision  of  tha 
eye-piecQ  and  the  object  glass.  To  con-cct  it,  move  the  cyc-piece 
out  or  in  till  tlie  cross-haira  are  seen  clearly  and  sharply  defined 
ogainat  any  white  object.  Then  move  tho  object  glaes  in  or  out 
till  the  object  is  also  disHnctly  setn.  The  cross-haira  will  then 
seem  to  bo  fixed  to  the  object,  and  no  movement  of  the  eye  will 
sanse  tbcm  to  appear  to  change  their  place. 
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(332)  The  miUed-Ueatled  screvr  seen  at  M,  passing  into  the  t&le 
Bcope  has  a  pinion  at  its  other  end  entering  a      Fig.  230, 
toothed  rack,  and  i?  used  to  m&ve  the  oliject  glass,  ^^V© 
0,  out  Aud  in,  ftccording  as  the  objcet  looked  at  is 
nearer  or  faulJiier  than  the  one  last  observed.    Short  diatancea 
require  a  long  tabe long  distances  a  short  tube. 

The  e/fr-piece,  E,  i£  usually  Boved  in  and  out  hj  hand,  but  a 
similar  arrangeiacnt  to  the  preceding  is  a  great  improTement.  Thia 
movement  ia  necessary  in  order  to  oli-tain  a  distinct  vieyf  of  the 
cross-Lars.  Shortsighted  persons  require  the  cje-piece  to  be 
pushed  farther  in  than  person?  of  ordinary  ^gbt,.  and  old  or  long- 
sighted persons  to  have  it  drawn  further  out. 


(333)  SnpporlSr  The  Telescope  of  the  lyansit  is  awpported 
by  a  hollow  axis  at  right  angles  to  it,  which  itself  rests  at  each  end, 
on  tvfo  upright  pieces,  or  standards,  epreadlng  at  their  bases  BO  aa 
to  increase  tlieir  stability.  In  the  Theodolite,  the  telescope  resta 
at  each  end  in  forteil  supports,  called  from  their  shape. 
These  &re  themselves  supported  by  a  cross-bar,  which  is  car- 
ried by  an  asis  at  right  angles  to  it  and  to  the  telescope.  This 
axis  rests  on  Btaadards  similar  to  those  of  the  Transit.  The  Tele- 
Bcope  of  the  Theodolite  can  be  taken  out  of  the  ys,  and  turned 
"  end  for  end."  This  ia  not  usual  in  tlie  Transit.  Either  of  the 
above  arrangements  enables  the  Telescope  to  bo  raised  or  depressed 
80  aa  to  suit  the  height  of  the  object  to  which  it  is  directed.  A 
telescope  so  disposed  is  called  a  "  plunging  telescope." 

In  some  instruments  there  is  an  arrangement  for  raising  or  low- 
ering one  end  of  the  axis.  This  ia  somedmca  required  for  reasons 
to  bo  ^ven  in  connection  widi  "  Adjustments." 

(331)  Thf  IndexeSt  Thesupporte,  or  standards,  of  the  telescopa 
ius.t  described  are  attached  to  the  upper,  or  index-carr^Tng  eircle." 
Hiia,  as  haa  been  stated,  can  torn  freely  on  the  lower  or  graduated 
circle,  by  means  of  its  conical  ajcis  moving  in  tlie  hollow  conical 
axis  of  the  latter  circle.   This  upper  circle  carries  the  index,  V, 

*  la  niitiu  inMruiDFiili  lbi«  circle  U  the  niiHer  one.  In  our  floret  it  is  tbeupp^i 
one.  ■till  «'«  will  lIierefoFe  kIwbji  ipnnk  of  it  U  lu-cb. 
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which  is  an  arrow-liead  ar  other  mark  oa  its  edge,  or  the  zero-pcuntof 
a,  Vernier  scale.  There  are  uauallj  tiro  of  these,  situated  exacUj 
opposite  to  each  other,  or  at  the  extremities,  of  a  diameter  of  Uio 
upper  circle,  so  that  the  readlnga  on  the  graduated  circle  pointed  out 
hy  them  differ,  if  both  are  correct,  exactly  180^.  Theohjectof  ttiift 
arrangement  is  to  correct  any  error  of  ecceniricitift  arising  from  the 
centre  of  tlie  axis  which  carries  tlie  upper  circle,  (and  with  which  it 
and  its  index  pointers  turn),  not  being  precisely  in  the  centre  of  the 
graduated  circle.   In  tho  figure,  let  C  ^''S-  221. 

he  the  true  centre  of  the  graduated  cir- 
clejhut  C  the  centre  on  which  the  plato 
carrying  the  indexes  turns*  Let  ACB 
represent  the  direction  of  a  sight  taken 
to  one  object,  and  D'CE'  the  direetaon 
when  turned  to  a  second  object.  The 
angle  Bubtended  by  tlie  two  objects  at 
the  centre  of  the  instrument  ia  recjuh^ 
ed.  Let  DE  he  a  lino  passing  through  C,  and  parallel  to  B'E'. 
The  angle  ACD  efiuala  the  required  angle,  which  ia  therefore  truly 
measured  by  the  arc  AD  or  BE.  But  if  the  arc  shown  hy  the 
index  is  read,  it  will  be  AD'  on  one  side,  and  BE'  on  the  other ; 
the  first  being  too  small  by  the  arc  DD'  and  the  other  too  large  by 
the  e^aaX  arc  EE'.  If  ho'wever  the  halPsum  of  the  two  arcs  AD' 
and  BE'  bo  taken,  it  will  equal  the  true  arc,  and  therefore  correctly 
measure  the  angle.  Thus  if  AD'  was  19^,  and  BE'  21^,  dieir 
half  sum,  20^,  would  be  the  correct  angle. 

Three  indexes,  ISO"  apart,  are  sometimes  used.  They  have  tho 
advantage  of  averaging  the  unavoidable  inaccuracies  and  incnuali 
t^ea  of  graduation  on  diScrent  parts  of  the  limb,  and  thua  diinmisi}i 
ing;  their  effect  on  the  resulting  angle. 

Four  were  used  on  tho  largo  Theodohte  of 
the  Enghah  Oi-dnance  Survey,  two,  A  and  B, 
opposite  to  each  other,  and  two,  C  and  D,  120° 
from  A  and  from  each  other.  The  halfnaum  or 
arithmetical  mean,  of  A  and  B  was  taken,  then 
tho  mcaoi  of  A,  C,  and  D,  and  then  the  mean 
of  these  ^wo  means.    But  tlus  wna  wrong,  for 
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it  gave  too  great  ralue  to  the  reading  of  A,  and  abo  to  B,  tliou^ 
in  a  less  degree  ;  Bince  the  share  of  each  Vernier  in  the  final  mean 
waa  as  follows;  A  =  6,  B  =  3,  C  =  2,D  =  2.    This  results  from 

the  expression  for  tLat  mean,  =  J  y — - —  +  —  ^  }~'^^ 

A  +  S  B  +  2  C  H-  2  D). 


(355)  The  trradoAt&d  circle.  This  is  divided  into  three  hun- 
dred and  sixty  uf^ual  parfc^,  or  pegrees,  and  each  of  these  is  gu}>- 
divided  into  two  or  three  parts  or  more,  according  to  the  she  of  tho 
instrumGiit.  In  the  first  case,  the  gmall^at  division  on.  the  circle  will 
of  course  bo  30';  in  the  second  case  20'.  More  precise  reading,  to 
Bingle  minutes  or  eren  less,  is  effected  hy  Ecans  of  tlia  Vernier  of 
the  index,  all  the  varieties  of  which  irill  be  fiilly  expliuned  in  tho 
nest  chapter.  Tho  numbers  run  from  0^  around  to  360°,  which 
number  ia  neceasarilj  at  the  same  point  as  the  0,  or  zero-pomt.* 
Each  tenth  degree  ia  aaually  numbered,  each  fifth  degree  is  distin- 
guished bj  a  longer  line  of  dimion,  and  each  degree-division  line 
is  longer  tliaa  those  of  the  sub-di visions.  A  magnifying  glas^  is 
needed  for  reading  tho  divisions  with  eaae.  In  tho  TheodoUto 
engraving  this  is  shown  at  m.  It  should  be  attached  to  each 
Vernier. 

(336)  iflOTCmcDlSf  When  the  line  of  sight  of  the  telcscoj^e  is 
directed  to  a  distant  well-defined  point,  the  unaided  hand  of  the 
observer  cannot  move  it  with  Buffleicnt  delicacy  and  precision  to 
mate  the  intersectioE-of  the  cross  hairs  exactly  cover  or  "biaeet" 
that  point.  To  effect  this,  a  clamp,  and  a  Tangent,  or  slow-motion, 
screw  are  required.  This  arrangement^  as  applied  to  the  move- 
meat  of  the  upper,  or  Vernier  plate,  consists  of  a  short  pjece  of 
brass,  D,  which  is  attached  to  the  Vemier  plate,  and  through 
which  passes  a  long  and  fine-threaded  "  Tangent-«crew,"  (.  The 
other  end  of  this  screw  entera  into  and  carries  the  clamp.  This 
eonsiats  of  two  pieces  of  brass,  which,  by  turning  the  clamp-screw 
ff,  which  passes  through  them  OQ  the  outside,  can  be  made  to  take 


*  In  «DRie  inglrnmraU  there  la  anolhcr  coDireDlrtc  circle  on  wbitfa  Uie  dtgmj 
■ra  alio  biiinbcred  from  0°  lo      u  oa  th^  cuoifi&Ei  circle. 
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liold  of  and  i>inc]i  tightly  the  edge  of  the  lower  circle,  which  liea 
letween  them  on  the  inaide.  The  upper  circle  13  now  prevented 
from  moving  on  the  laner  one ;  for,  the  taDgeiit-&cre'n',  passing 
through  hollow  acrcws  in  both  the  clamp  and  the  piece  Di  keepa 
them  at  a  fixed  diatance  apart,  so  that  they  cannot  more  to  or  from 
one  another,  nor  consequently  the  two  circles  to  irhich  they  are 
respectively  made  faat.  But  when  this  tangent-ficrew  is  turned  by 
ita  millcd-head,  it  girea  the  clamp  and  -nith  it  the  upper  plate  a 
Bmooth  and  elow  motion,  bactward  or  forward,  whence  it  is  called 
the  "  Slow  motion  screw,"  as  well  as  "  Tangent-SCrew,"  from  the 
direction  in  which  it  acta.  It  is  always  placed  at  the  south  end 
of  the  compass-bos. 

A  little  diflbrent  arrangement  ib  employed  to  ^ve  a  similar 
moUon  to  the  lower  circle  (which  we  have  hitherla  regarded  as 
immovahle)  «n  the  body  of  the  instrument.  lis  axis  ia  embraced 
by  a  brnss  ling,  into  which  enters  another  tangent-screw,  which 
also  passes  through  a  piece  fastened  to  the  plate  P.  The  cUmp- 
acrew,  C,  causes  the  ring  to  pinch  and  hold  immovably  the  asia  of 
the  lower  circle,  wliile  a  torn  of  the  Tangent-screw,  T,  will  slowly 
move  the  clamp  ring  itself,  and  therefore  with  it  the  lower  circle. 
When  the  clamp  is  loosened,  the  lower  circle,  and  with  it  every 
thbg  above  it,  has  a  perfectly  free  motion.  A  recent  improvement 
ia  the  employment  for  thia  purpose  of  two  tangent  ecreirs,  preeaiag 
against  opposite  sides  of  a  piece  projecting  from  the  clamp-ring. 
One  13  tightened  as  the  other  is  loosened,  and  a  very  steady  mo- 
tion is  thus  obtained. 

(337)  LcvelSi  Since  the  object  of  the  inatrumeut  b  to  measure 
horizontal  angles,  the  circular  plato  oa  which  they  arc  measured 
must  itself  be  mawie  hoiiaontal.  Whether  it  is  ao  or  not  ia  kaowu 
by  means  of  two  email  levels  placed  on  Uio  plate  at  right  angles  t& 
each  other.  Each  consists  of  a  glass  tube,  shghtly  curved  upward 
in  its  middle  and  so  nearly  Med  with  alcohol,  that  Only  a  small 
bubble  of  air  13  left  in  the  tube.  This  always  liaes  to  the  highest 
part  of  the  tubes.  They  are  so  "adjusted"  (as  will  be  explained' 
in  chapter  HI)  that  when  this  bubble  of  air  is  in  the  middle  of 
the  tubes,  or  its  ends  equidistant  from  the  central  mark,  the  p!ata 
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on  -which  they  are  fastened  siiall  be  level,  -which  way  soever  it  maj 
■be  turned. 

The  levcb  are  repreaented  in  the  figure  of  tho  Transit,  on  page 
212,  as  being  under  the  plate.  They  aro  sometimes  placed  above 
it.  In  that  etkso,  tho  Verniers  are  moved  to  one  side,  between  the 
feet  of  the  standards,  and  one  of  the  levels  ia  fixed  betiveefl  the 
standards  above  one  of  the  Verniers,  and  the  other  on  the  plate  at 
the  Bouth  end  of  the  compaas-bor, 

(33S)  Parallel  Plat«s>  To  raise  or  lower  either  side  of  the 
circle,  so  as  to  bring  thu  buhblca  into  tho  centres  of  the  tabes, 
req-(iires  more  gentle  and  steady  mo'vemcats  than  the  unaiided  hands 
can  give,  and  is  attained  hy  tho  Parallel  Plates  P,  P',  (so  called 
tecaaso  they  are  never  parallel  except  by  accident),  and  their 
four  screws  Q,  Q,  Q,  Q,  which  hold  the  plates  firmly  apart,  and,  by 
being  turned  in  or  out,  r^sc  or  lower  one  sido  or  tho  other  of  tlie 
upper  plate  P',  and  thereby  of  the  graduated  circle.  The  two 
plates  are  held  together  by  a  ball  and  aoetet  joint.  To  level  the 
instrmnent,  looaoa  tho  lower  clarap  and  turn  the  circle  till  each 
lovel  is  parallel  to  the  vertical  plane  passing  through  &  prur  of 
opposite  screws.  Then  take  hold  of  two  opposite  screwa  and  turn 
thorn  simultaneously  and  e([ually,  but  in  contrary  directions,  screw- 


Fig.  223. 


ing  one  in  and  the  other  out,  as  shown  hy  the  arrows  in  the  figures. 
A  rule  easily  remembered  b  that  both  thumbs  must  turn  in,  or  both 
out.  Tho  movcmenta  represented  in  the  firat  of  these  fi^es  would 
raise  the  Icfl-hand  side  of  the  circle  and  lower  the  righl>-hand  side. 
The  movements  of  the  second  figure  would  produce  the  reverse 
effect.  Care  ia  needed  to  turn  the  opposite  screws  equally,  so  that 
they  shall  not  become  ao  loose  that  tho  instrument  will  roclc,  or  so 
tght  as  to  be  cramped.  AVhen  this  last  occurs,  ono  of  the  other 
pair  ehoold  he  loosened- 

15 
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Sometimes  one  of  each  pair  of  the  screws  is  replaced  a  strong 
Bpriag  against  ivMeli  the  remaining  screws  act. 

The  Prench  and  German  instruments  are  usuaUy  supported  by 
only  three  screwa.  In  such  cases,  one  level  is  brought  parallel  to 
one  pair  of  screws  and  levcUed  by  them,  and  the  other  level  has 
ita  bubble  brought  to  its  centre  by  tlie  third  screw.  If  there  ia 
only  one  level  on  the  inattutaent,  it  is  6rst  brought  parallel  tc  one 
pair  of  scrgTrs  mi  levelled,  and  is  then  turned  one  quarter  aroDnd 
BO  as  to  be  perpendicular  to  them  and  over  the  third  screw,  and 
operation  is  repeated. 

(339)  Watch  Telescope.  A  second  lelcscope  is  sometimes 
attached  to  the  bwer  part  of  the  inatrument.  When  a  number  of 
angles  are  to  bo  observed  from  any  one  station,  direct  the  upper 
and  principal  Telescope  to  the  first  object,  and  then  direct  the 
lower  One  to  any  Other  well-defined  point.  Tlicn  make  all  the 
desired  observations  with  the  upper  Telescope,  and  wh'on  they  arc 
finished,  look  again  through  the  lower  one,  to  sec  that  it  and  there- 
fore lihe  divided  cii-cle  has  not  been  moved  by  t!ie  movomcnta  of 
the  Vernier  plate.  The  French  call  tins  tlie  Wdncaa  Telescope, 
(Jjimette  temoin). 

The  Compass^  Upon  the  upper  plate  is  hied  a  compass. 
Its  use  has  been,  fully  explained  in  Part  III.  It  is  little  used  in 
connection  with  the  Transit  or  Theodolite,  which  are  so  incompara- 
bly more  accurate,  eseept  as  a  "  cheek,"  or  rough  test  of  the 
accuracy  of  tho  angles  taken,  which  should  about  eriual  the  diffiap 
ence  of  the  magnetic  bearings.  Its  use  will  be  farther  noticed  in 
Chapter  IV,  on  "Field  Work." 

(341)  The  Snrrejftr's  Transit.  In  this  instrument  (bo 
named  by  its  introducers,  Messrs.  Cturloy,  and  shown  in 
Fig.  S24),  tho  Vcraier-platc,  ■wMeh  carries  the  standards 
and  telescope,  ia  under  the  plate  which  carries  the  grad- 
uated circle,  and  tho  compasB  ia  attached  to  the  latter. 
By  tbia  ari-angement,  "when  the  Vernier  ia  set  at  any  angle, 
tho  lino  of  sight  of  the  telescope  will  make  that  angle  "with 
the  H".  and  S.  lines  of  tlio  compaaa.  Consequently,  tbia 
infltmment  can  be  used  precisely  liko  tho  Vernier  compaM 
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to  allow  for  magnet- 
ic variation,  and  tlma 
to  run  out  a  line  irtth 
true  Learings,  as  in  Art. 
(312),  or  to  run.  out  old 
lines,  allowing  for  the 
Gecolar  Variation,  M  in 
Art.  (331). 

The  instrument  may 
also  lie  used  like  the 
eommonEngineer's 
Transit.  The  compass, 
however,  irill  then  not 
give  the  bearings  of  the 
lines  surveyed,  hut  they 
can  easily  be  deduced 
from  that  of  any  oilO 
line. 


Ttg. 


(342)  Gouiasmomelre.  A  very  cfrmpiKt  in- 
Btmmeut  to  ivhich  the  above  name  bos  been 
given  in  France,  -whei-e  it  13  much  used,  13  ahoiTO 
in  the  figure.  TLo  upper  half  of  the  cylinder  ia 
movable  on  ite  loner  half.  The  ohservatiooa 
may  bo  taken  tlirough  tlie  sUts,  aa.  in  the  Survey- 
or's Cross,  or  a  Telescope  may  bo  added  t*  it. 
Readings  may  be  taken  boQi  from  the  compass., 
and  fi-om  the  divided  edge  of  the  lowtr  half  of 
the  cylinder,  by  meana  of  &  Voraier  on  the 
upper  half.' 


•  Tile  nrflper  care  of  in^lmmeiiu  mnil  not  be  nverlcNiketl. 

If  VKmiahea,  tli'sy  sbcjuM  be  wipnl  witli  fm<t 

clean  linen.  If  polIifaiHl  wicli  oil,  iliej  bIidqIi]  lie  rabliHl 
iDtir»  Ktrangl^.  Tiiv  pnm  n^ilLier  vnmislieil  nDroilud.  tlianld 

be  clt^diicif  wi:li  Sjiniiisli  wliiiij  nml  nkuliol.  Voriiiilicil  wnoH,  whi?n  ipMletl 
■Jtiiqld  be  wiped  Willi  very  tah  linen,  Tiifiiacened  w  iih.  n  liiile  olive  oil  or  oUolioL 
tTD[)Dinted  VTood  ia  gleaned  with  jnnd-pnTier-  Apply  olive  oil  wlicns  elccl  rubi 
■ei-iait  bmii  ;  stid  wii  iaftened  bv  lollaw  where  bL-nia  rqb*  Dgainil  brt^m, — 
□lesii  iLe  glniiei  wiili  kid  or  buck  ikia.    Wnsh  iheiD,  if  dirtied,  with  tkohoL 


(313)  DcQoillon.  A  Vernier  18  a  contrirance  for  measuring 
smaller  portions  of  space  tlian  those  into  which  a  line  ia  actually 
divided-  It  consists  of  a  second  line  or  scale,  moTablo  hj  the  side 
of  the  firatj  and  divided  into  equal  parts,  which  aro  a  very  little 
shorter  or  longer  than  the  parts  into  which  the  firat  line  is  divided. 
This  small  difference  ia  the  space  irhich  we  aro  tliua  enabled  to 
measure.* 

The  Vernier  scale  is  usually  constructed  hy  taldng  a  length 
equal  to  any  numhcr  of  parts  on  the  divided  line,  and  tlen  dividing 
thaa  length  into  a  number  of  equal  parts,  one  more  or  one  less  than 
the  number  into  which  the  same  length  on  the  on^iial  line  is  di^ 
Tided. 

(314)  [tlastratlon.  Tho  figiire  represents  (to  twice  the  real 
6ise)  a  scale  of  inches  divided  into  tenths,  with  a  Vernier  scale 
heaide  it,  by  which  hundredths  of  an  inch  cao  bo  meaaured.  The 
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Fermer  ia  made  by  setting  off  on  it  &  tenths  of  an  inch,  and  divid- 
ing that  length  into  10  equal  parts.  Each  space  on  tho  Vcmier 
13  therefore  equal  to  a  tenth  of  nine-tcntha  of  an  incli,  or  to  miie- 
hundredths  of  an  inch,  and  ia  consequently  one-himdredth  of  an 
inch  shorter  tlian  one  of  tlio  dinsions  of  the  original  scale.  The 

•ThoTemipT  «•  Pftmrd  from  iU  ioveoior.  In  Ifi31.  The  nnrao  "'  Noniw," 
uA«n  imp rnpprly  given  to  it,  belongs  to  rn  cnlitely  diHi^Knt  conlriTiincB  for  ■ 
■imilar  (AijecL 
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first  apace  of  the  Veruier  will  tberoforo  faJ!  short  of,  or  he  ovei^ 
lapped  by,  the  first  space  on  the  acale  hj  this  one-hundred  th  of  an 
inch';  the  second  apace  of  the  Vernier  ■will  fall  short  by  two-hmi 
dredths  of  an  inch;  And  so  on.  If  then  the  Vcrmer  be  moved  up 
by  the  side  of  t!ie  original  scale,  so  that  the  l\na  marked  1  coin- 
cides, or  forma  ooe  straight  line,  with  the  line  of  the  scale  which 
was  just  above  it,  we  know  that  the  VGmier  has  been  moved  one- 
hundredth  of  an  inch.  If  the  line  marked  '2  comes  to  coincide 
with  a  line  of  the  scale,  the  Vernier  has  moved  up  two-hundred^s 
of  an  inch;  and  ao  for  other  numbers.    If  tlie  jcsition  of  the 

rig.  221. 
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Vernier  be  us  in  this  figtire,  the  line  marked  7  on  the  Vernier 
corresponding  with  Borae  Hue  on  the  scale,  tho  zero  line  of  the 
Vernier  is  7  hundredtlia  of  an  inch  ahove  the  division  of  the  scale 
nest  below  this  zero  lime.  If  this  division  be,  as  in  the  figure, 
8  inches  and  6  tenths,  the  reading  will  be  8.67  inches." 

A  Vernier  like  this  is  used  on  some  levellin"  rods,  heinsencraved 
M  tise  sides  of  the  opening  in  the  part  of  the  target  ahovn  iw 
middle  line.  The  rod  being  divided  into  hundredtha  of  a  foot,  tlu9 
Vernier  reads  to  thousandths  of  a  foot.  It  is  also  iiaed  on  some 
French  Mountain  Barometers,  which  are  divided  to  hundredths  of 
a  metre,  and  thas  read,  to  thousandths  of  tliat  unit. 

(315)  CcDpral  rules.  To  jind  what  any  Vernier  reads  to^ 
i.  e.  to  determine  how  small  a  distance  it  can  measure,  observe 
how  many  jHuts  on  the  original  line  are  equal  to  the  same  number 
increased  or  diminiahed  by  one  on  the  Vernier,  and  divide  ths 

"  Tb*  iinJoni  will  da  well  to  draw  au«li  n  mle  and  Vcmicr  on  tvra  ilipa  ciF 
Ihitk  [inper,  nnd  move  r>ne  besiila  Ihc  nUiet  rill  ho  ema  read  tlietnia  any  powLlflo 
{Miiiiart ;  oud  to  wittk  ihe  follawing  Vprnierj. 
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length  of  a  part  on  the  original  line  by  this  last  number.  It  will 
givG  the  require-d  distance.' 

T<}  read  anj/  Verniei-^  firstly,  look  at  tho  zero  line  of  the  Ver 
nier,  (ivbich  ia  Bometimes  marked  by  Un  arrow-head),  and  if  it 
coincides  with  any  division  of  the  scale,  tliat  will  be  the  correct 
leading,  and  tli&  Vemicx'  divisions  arc  not  needed.  But  if,  aa 
usually  happens,  the  zar*  line  of  the  "Vernier  comes  between  any 
two  divi^ons  of  the  scoIq,  note  the  nearest  next  less  division  on  the 
Bcale,  and  then  look  along  tho  Vemior  till  you  come  to  some  lino 
on  it  which  exactly  coincides,  Or  fonaS  a  etraight  line,  with  some 
line  (no  matter  which)  on  tlie  fixed  scale.  The  number  of  tlus 
line  on  the  Vemicr  (the  7th  in  the  ItLst  figure)  tells  that  so  many 
of  tlio  sub-divisions  which  tLc  Yetnier  indicates,  are  to  bo  added  to 
the  reading  of  the  entire  division?  on  the  scale- 

"When  several  lines  on  the  Vernier  appear  to  coincide  equally 
with  lines  of  the  scale,  take  the  middle' line. 

When  no  line  coincides,  but  one  lino  on  the  Vernier  ia  on  one 
side  of  a  lino  on  the  scale,  and  tlie  nc;rt  fine  on  tho  Vernier  is  aa 
far  on  the  other  side  of  it,  tho  true  reading  ia  midway  between  those 
indicated  by  those  two  lines. 

(316)  Retrograde  Verniers.    The  spaces  of  the  Vemicr  in 

modem  instruments,  are  usually  each  shorter  than  thoao  on  the  acale, 
a  certain  number  of  parts  on  the  scale  being  divided  into  a  larger 
number  of  parts  on  tho  Vemior-t  In  the  contrary  caae.t  there  is 
tlio  inconvenience  of  being  obliged  to  number  tho  lines  of  the  Ver- 
nier and  to  count  their  coincidences  with  the  lines  of  tlie  scale,  in 
a  retrograde  or  contrary  direction  to  that  in  which  tlie  numbers  aa. 
Ao  scale  run.  We  will  call  such  arrangements  retroffrade  Vernier*. 

*  Id  Algebraic  kii^ngF,  let  ■  eqnnl  ihe  length  of  arte  pnrc  on  ttie  orirana)  linot 

nuil  p  the  uukiiowii  Itiisili  u{  one  iJDVt  on        Vemicr.    Lei  m  iif  lliK  lorcner  " 

IB  +  1  of  llie  Inllcr,    Tlieii  me  =  (m  -f-  1)  p.       r  = — •  —  b  =  ■  — 
If ««  =  (m  —  I )  r,  iheu  V  —t  =  ■  * 


+  1  ^  '  m  —  I 

t '  e.  AlBcbrnieully,  v  =  — «  t  i.  a.  When  v  =  — • 
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(347)  Illaslratlon.  In  this  Sgore,  tLe  ecale,  as  before,  repre- 
sents (to  tirice  £he  real  size)  inchea  divided  into  tentliSf  bat  tbe 
Vernier  h  made  by  diriding  H  porta  of  tbo  scale  into  10  eqoal 

Kig.  227. 
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parts,  each  of  ■which  is  therefore  one-tenth  of  eleven-tentbs  of  u, 
inch,  i.  e.  eleven-hundredtha  of  an  inch,  or  a  tenth  and  a  hun- 
dredth. Each  apace  of  the  Vendor  therefore  overlape  a  spaco  on 
the  -Bcale  bj  one-hundredth  of  an  inch.  The  manner  of  reading 
this  Tcmier  is  tho  same  as  in  tho  last  one,  except  that  the  numbers 
nin  ia  a  reverse  direction.    Tho  readins  of  the  fiimre  is  30.16. 

Tliis  Vernier  ia  the  ono  generally  applied  to  tho  common  Baro- 
meter, the  zero  pomt  of  the  Vernier  being  brought  to  the  level  of 
the  top  of  tho  nrercur/,  whose  height  it  then  moaaures.  It  ia  also 
employed  for  levelling  rods  iv-hich  read  downwards  from  tlie  middle 
of  the  target. 


(318)  The  figure  below  repreaenta  (to  double  size)  tho  usual 
scale  of  the  English  Mountaia  Barometer.'  Tho  scale  is  first 
dirided  into  inchee.    These  are  subdivided  into  tenths  by  tho 

Fig.  223. 
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(TO 


'  Thii  figure,  snd  oihcia  in  (bia  cheptert  wa  from  Bree's  "  Preacoi  Praciice.' 
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longer  lines,  and  the  shorter  lines  again  diTide  tieso  into  half 
tenths,  or  to  5  hundredtlis.  24  of  these  Bmaller  parts  are  eot  off 
on  the  Vernier,  and  divided  into  25  equal  parts,  each  of  which,  is 

therefore  =      ^.  '^^  =  .048  ioch,  and  is  shorter  than  a,  dinsion 

of  tb*  scalo  by  .050  —  .0-48  =  .002,  or  two  tliougandths  of  an  inch, 
a  twentj-fiftk  part  of  a  ■dj^■^3i<m  on  the  sc&le,  to  which  minuteness 
tha  Yemier  can  thcrcPjro  read.  The  reading  in  the  figure  is 
30,686,  (30.65  bj  tho  acal©  and  .030  by  the  Vernier),  the  dotted 
line  marked  D  ehowmg  irhero  the  coincideiico  takes  place. 

(349)  Circle  dlridtd  Into  (Ie?rccs.  Thfl  following  iUustra- 
tions  apply  to  the  meosurementg  of  angles,  the  circle  leing  vari- 
ously divided.  In  thig  article,  the  circle  ta  supposed  to  he  divided 
into  degrees. 

If  ^  spaces  on  the  Vernier  are  found  to  be  egaal  to  5  on  tha 
circle,  the  Vcnuor  can  read  to  one-sixth  of  a  apuce  on  the  circle, 
i.  e.  to  10'. 

If  10  spaces  on  tho  Vernier  are  equal  to  9  on  the  circle,  tho 
Vernier  can  read  to  ojic-tcnth  of  a  spaee  on  the  circle,  i.  e.  to  6'. 

If  12  spaces  on  the  Vernier  are  equal  to  11  on  the  circle,  the 
Vernier  can  read  to  one-twelfth  of  a  space  on  the  circle,  i.  e.  to  6'. 

Fig'.  aS5. 


10  |G0 


w 

6 

i 

1 

0  4 

5    ^0  1 

1 

I'- 


The  above  figure  shows  such  an  arrangement.  The  index,  or 
lero,  of  the  Vernier  i3  at  a  point  beyond  358",  a  certain  distance, 
wliich  tho  coincidence  of  the  third  line  of  the  Vernier  (as  indicated 
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by  tlie  dotted  and  crosed  line)  ehom  to  15'.  The  whole  read- 
ing is  therefore  Z5S°  15'. 

If  20  spMCS  on  the  Vernier  arc  equ^  to  19  on  the  circle,  th* 
Vcroier  con  read  to  one-tw&ntieth  of  a  diviaion  on  the  circle, 
L  e.  to  Z\  English  compasses,  or  "  Circumfercntora,"  are  some- 
times  thus  arranged. 

If  60  spJLcea  on  the  Verrucr  are  equal  to  59  on  the  circle,  the 
Vernier  can  read  to  ose-alxtioth  of  a  division  on  the  circle,  i.  e.  to  1'. 


(3M>  Circle  iMici  to  30'.   Such  a  graduatioQ  is  a  Tety 
common  one.    The  Vernier  may  be  variously  constructed. 
Suppose  90  spaces  on  the  Yernlcr  to  be  eqnal  to  '29  on  the 

29  X  3D' 

circle.    Each  space  on  the  Vernier  will  be  =  - — ^ —  =  29', 

and  win  therefore  be  less  than  a  space  of  the  circle  by  1',  to  which 
the  Vfimier  will  then  read. 

Fip.  230. 


The  above  Sguro  shows  thia  arrangement.    The  reading  is  O*, 

or  mo\ 

la  the  following  figure,  the  dotted  and  crossed  line  showa  what 
divisions  coincide,  and  the  reading  is  20°  lO'j  the  Vernier  being 
the  Bamo  as  in  the  preceding  figure,  and  ita  zero  being  at  a  point 
of  tlie  circle  10'  beyond  20^ 


,234      TBiSSIT  ASH  THEODOLITB  SCRVEmC.     [pab*  it. 

rig.  sat. 


In  the  foUoiring  Sgure,  tie  reading  is  20°  40',  tlie  indoi  being 
at  a.  point  beyond  20*  30',  and  tlie  adiiitlona.1  space  being  elioira 
by  the  Vernier  to  be  10'- 


♦  10  ^ 


oiup.  n.T 


Ternlcra. 
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Somotimea  30  spaces  on  th€  Vernier  are  »^Hal  to  81  on  tlie  circle . 

31  X  SO' 

Eacli  space  on  the  Vernier  will  therefore  be  =  — —  =  31',  and 

will  ba  longer  than  a  space  on  the  circle  bj  1',  to  irhich  it  will 
therefore  read,  m  in  the  last  case,  but  the  Vernier  will  be  "  retro- 
grade."   This  13  the  Vernier  of  the  compass,  Fig.  148.    The  pecu- 
liar manner  in  which  it  ia  thero  applied  is  shown  in  Fig.  289. 
If  15  epaces  on  the  Vernier  are  equal  to  16  on  the  circle,  each 

16  X  30' 

space  on  the  Vernier  will  be  —  — j-^ —  —  S2',  and  the  Vernier 


will  therefore  read  to  2'. 


(351)  Circle  divided  t«  20'.  If  20  spaces  on  the  Vernier 
are  eqaal  to  19  on  the  circle,  each  apace  of  the  latter  will  be  =a 

— 9-^=  19',  and  the  Vernier  will  read  to  20'  — 19'  =  1'. 

If  40  spaces  on  the  Vernier  are  equal  to  41  on  the  circle,  each 

■11  X  20' 

apace  on  the  Vernier  will  be  =  — ^  =  20 .J' ;  and  the  Ver- 

luer  will  therefore  read  to  20^'  —  20'  =  30".  It  will  bs  retr*. 
grade.  In  the  following  figure  the  reading  is  SCO*,  or  0' ;  and  it 
will  be  &een  that  the  40  spaces  on  the  Vernier  (numbered  to  whole 
minutes)  are  equal  to  13°  40'  on  the  limh,  i.  e,  to  41  spaces,  sack 
of  20', 

360 


If  60  spaces  on  the  Vernier  aro  equal  to  59  on  the  circle,  each 

69  X  20' 

of  the  former  will  be  =  — rrr —  =  19'  40",  and  the  Vernier 
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mil  therefore  read  to  20'  — 19'  40"  =  20".  The  following  figure 
showa  puch  an  arrangement.  Tho  rcadmg  in  that  position  would 
bo  40'  40'  20". 

Fig.  asi. 


10  9  8  r 
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(352)  Cfrcle  dlrlded  to  IS',  If  60  spacoa  oa  tlie  V^raior  are 
equal  to  59  on  tlie  circle,  ea«3i  space  on  &a  Y-emkr  mil  be  = 

=  14'  45",  and  the  Yemier  will  read  to  15".    In  the 

foUo-mng  figure  the  reading  ia  10°  20'  45",  tha  index  pointing  to 
10°  15',  and  something  more,  which  the  Vernier  shows  to  he  5'  45' 

Fig.  235. 


10  9  8  7  6 
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(353)  Circle  dirldcd  to  10'.  If  60  spaces  on  the  Ycnuer  b« 
equal  to  59  on  the  Umb>  the  Vernier  will  read  to  10".  In  the 
following  figure,  the  reading  ia  7°  26'  40",  the  reading  on  fh* 
circle  being  7°  20',  attd  the  Vernier  showln;;  the  remainin};  space 
to  he  5'  40". 

Ti».  S36. 


15 


10 


10  9  8  7  6 
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(SiSi)  Readins;  backirards.  When  an  index  carrying  a  Ver- 
nier 13  moved  backwards,  or  in  a  contrary  direction  to  tliat  in 
which  the  nunabera  on  the  circle  nuij  if  ire  wiah  to  read  the  space 
'vrhich  it  has  passed  over  in  this  directiDTi  from  the  zero  point,  the 
Vernier  must  bo  read  backwards,  (i.  e.  the  highest  number  be 
called  0),  or  its  actual  reading  must  be  subtracted  from  the  value 
of  the  smallest  space  on  the  circle.  The  reason  ia  plain ;  for, 
since  the  Vernier  shows  how  far  the  index,  moving  in  one  direc- 
tion, has  gone  past  one  division  line,  the  distance  which  it  13  from 
iho  nest  division  line  (which  it  may  be  supposed  to  have  passed, 
moving  in  a  contrary  direction),  will  be  the  difference  between  the 
reading  and  the  value  of  one  space. 

T!iu3,  in  Fig.  229,  page  232,  the  reading  is  SoS"  U\  Bat, 
countiag  backwards  from  the  360°,  or  zero  point,  it  is  1'  45'. 

Caution  on  this  point  is  particularly  necessary  in  using  sxaaJl 
ftn^ea  of  deflection  for  railroad  curves. 
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itSS)  Arc  of  excesSi  Or  fho  eextant  and  Bimilar  instru- 
menta,  the  diviaiocs  of  the  liml)  are  carried  onward  a  short  distance 
beyood  the  zero  point.  Tlua  portion  of  the  limb  ia  called  the  "Arc 
of  esoees."  When  the  Index  of  th-o  Vernier  points  to  this  arc,  tJie 
reading  must  be  made  as  explained  iji  the  last  article.  Thus,  in 
the  fi^uTA,  the  reading  on  the  arc  from  the  zerd  of  tiie  limb  to  tho 
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10  9876  543Z1 

-¥ 

zero  of  the  "Vcmlor  la  4°  20',  and  Bomething  more,  and  the  reading 
(if  tho  Vpmipr  from  10  towards  to  the  right,  where  (he  lines  coin- 
cide, is  3'  20",  (or  it  ia  10'  — G'  40"  =  S'  20"),  and  the  entire 
rcEiding  ia  therefore  4°  23'  20". 

(356)  bttublo  Verniers.  To  avoid  the  inconTenienees  of  read- 
ing backwards,  double  Venuere  arc  Bometimes  used.  The  fijjure 
below  shows  one  applied  to  a  Transit.    Each  of  the  Vemiera  is 

Fig.  23a. 
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lilc©  the  one  described  in  Art.  (35»),  Figs.  230,  2S1,  and  232. 
When  tte  degrees  aro  counted  to  the  left,  or  as  tiie  numbers  ran, 
as  13  usua.],  tlie  left-hand  Veriuer  la  to  be  read,  as  In  Art.  (350}  ; 
but  when  the  degrees  arc  counted  to  the  right,  -from  the  360°  line, 
the  rij^hb-haud  Veroier  b  to  be  used. 


(35?)  (lompass-Te  ruler.  Another  form  of  double  Vernier, 
often  applied  to  the  compass,  is  shown  in  the  following  Sgure.  The 

Fig.  235. 
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limb  13  divided  to  half  degreea,  and  the  Vernier  reads  to  minutes, 
80  porta  ou  it  beiog  equal  to  31  on  the  limb.  But  the  Vernier  is 
only  half  aa  long  ai  in  the  prerious  case,  going  only  to  15',  the 
upper  figures  on  one  half  being  a  sort  of  continuation  of  Uie  lower 
figures  on  the  other  half.  Thus  in  moving  the  index  to  the  right, 
read  the  lower  figures  on  the  left  hand  Vernier  (it  being  retro- 
grade) at  any  coincidence,"when  the  space  passed  over  is  less  than 
15' ;  but  if  it  be  more^  read  the  vpper  figures  on  the  rigtit  hand 
Vernier :  and  vice  versa. 
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CHAPTER  m. 

ADJUSTMENTS. 

(358)  The  purposes  for  which  the  Transit  and  Theodollto  (as  well 
as  most  flurveying  and  astronomical  instruments)  arc  to  he  used, 
require  and  presuppose  certain  parts  and  Tinea  of  the  instrument 
to  he  placed  in  certain  dii-ectlons  with  respect  to  others ;  these  re- 
Bpcctive  directiona  being  osuallj  parallel  or  perpendicular.  Such 
arrangements  of  their  parts  are  colled  their  A/^'mtmentg.  The 
same  tvord  is  also  applied  to  placing  these  lines  in  these  directions. 
In  the  fotloimg  esplanations  the  operations  which  detenoina 
whether  these  adjustments  arc  correct,  will  he  called  their  Vt-rifi- 
catton.9 ;  and  the  mating  them  right,  if  thej  are  not  so,  their  7?eo 
tif  cations.* 

(359)  In  ohservations  of  horizontel  angles  with  the  Transit  or 
the  Theodolite,!  it  is  required, 

1*  That  the  circular  plates  shall  be  horizontal  in  whatever  way 
they  may  be  turned  around, 

2"  That  the  Telescope,  when  pointed  forward,  shall  look  in  pre- 
cisely the  reverac  of  its  direction  when  pointed  backirard,  i.  e.  that 
its  two  linos  of  sight  (or  lines  of  collimation)  forward  and  back- 
ward shall  lie  in  the  same  plane, 

3°  That  the  Telescope  in  turning  upwai-d  or  downward,  shaiL 
move  in  a  truly  vertical  plane,  in  order  that  the  angle  measured 
between  a  tow  object  and  a  high  one,  may  he  precisely  the  same 
OS  would  he  the  angle  measured  between  the  low  object  and  a  point 
exactly  under  the  high  object,  and  in  the  same  horizontal  plane  as 
the  low  one. 

*  Ii  hB«  heca  Well  eaU],  ilint  "  In  ihe  present  ilate  cf  seu^mf^  il  may  be  laid 
ilowu  jii  a  maiim,  tlial  evtry  iriMminent  Hiould  Lo  m  coiilrivod,  thul  iI:p  ohsprver 
iiiiy  ettiily  examine  and  rpclify  llio  prinpipnl  pan*;  fur,  however  careful  tlio 
iiifltniiiiient-iiinkcr  mny  Be-,  however  f  ltA-cI  ibe  exfcciciui;!  llicrcrof,  it  u  nol  [loaai- 
ble  lliDt  any  iualrutuent  ihould  long  ri'miiia  sc^curalcly  in  the  p<>»t)cin  in 

wliicL  it  came  out  of  llie  utiker'a  Ii&dJi." — Adam/  "  GiomHrieid  and  OrarhUat 
Eiut/t,"  1791. 

f  TLcTheotloLita  qdJuittiK^nlx  which  relate  only  1o  levelling  or  to  tuf  a  (tiring 
vcriicsl  nn^'liM,  -will  nut  bo  licro  (liicasaed. 


AdJnstmfDts. 


We  sliaJ]  see  that  all  these  adjustm&nta  are  finally  res&lva'blc 
into  these ;  1st.  Making  the  vertical  axis  of  tho  instmmcnt  pcrpen- 
(Ucnlar  to  the  plan*  of  the  kvcls ;  2d.  Making  the  line  of  collima- 
tion  pcrpeni^«ular  to  its  axis ;  and  3(1.  iMaldn^  this  axis  patmUel 
to  the  plane  of  the  levels.  They  are  all  best  tested  by  the  invalu- 
able principle  of  "  RovoT^ion." 

We  Lave  now,  firstly,  to  examine  whether  these  things  are 
that  is,  to  "verify"  the  adjuatmenls;  and,  secondly,  if  wo  find  that 
they  are  aotsojio  maJre^Gmao,!.  e.  to  "rectify,"  or  "adjuaf  tbom 
correctly.   The  above  three  requiremcnta  produce  as  many  cem- 
epondiag  adjustments. 

(360)  Firsl  adjnslmfnt.  To  tnKse  tie  dreU  to  horizontal 
in  every  position.' 

Yerijicaiion. — Turn  the  Yemier  plate  which  carries  the  IpvcIs, 
till  one  of  them  ia  parallel  to  one  pair  of  the  parallel  plate 
screws.  The  other  will  then  be  parallel  to  the  other  pair.  Eiing 
each  bnhble  to  the  middle  of  it3  tube,  by  lliat  pair  of  screws  to 
which  it  is  parallel-  Then  turn  the  vernier  plate  half  way  around, 
i.  e.  till  the  index  has  passed  over  180".  If  the  bubbles  remain 
in  the  centres  c>f  the  tuhes,  they  are  in  adjustment.  If  either  of 
them  runs  to  one  end  of  the  tube,  it  requires  rectification. 

Jteetification. — The  fault  which  la  to  be  rectified  ia  that  tlie 
plane  of  the  level  (i.  o.  the  plane  tangent  to  the  highest  point  of 
the  level  tube)  is  not  perpendicular  to  the  vertical  axis,  AA  in 
figure  214,  on  whiej^ihe  plate  turns.    For,  let  AB  represent  thia 


Fig.  S40. 
0 


Fig.  211. 


plane,  seen  edgeways,  and  CD  the  centre  line  of  the  vertical  aiis, 


rhU  AppltM  fsjaiillv  u  the  Trtuuii  ami  the  Tbeodcllte. 
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wtiieh  13  here  drawn  aa  making  an  acute  angle  ivith  tliis  plnne 
o-Q  the  right  hand  siile.  The  first  figure  represonta  the  bubblfl 
brought  to  the  centre  of  the  tabe.  The  B«cond  figure  represent! 
the  plate  turned  half  around.  The  centre  line  of  the  axis  is  suf> 
poaed  to  remain  unmoved.  The  acuto  angle  will  uot  bo  on  the 
left  hand  aider  'lie  plate  will  no  longer  be  horizontal.  Cobso- 
quentl/  the  bubble  will  run  to  the  higher  end  of  the  tubo.  The 
rectification  necessary  is  evidently  to  raise  one  end  of  the  tube  and 
lovrer  the  oth^r.  The  real  error  has  been  doubled  to  the  eye  by 
the  reversion.  Half  of  the  motion  of  the  bubble  was  caused  by  the 
tangent  plane  not  being  perpendicular  to  tho  axis,  and  half  by  this 
axis  cot  being  vertical.  Therefore  raise  or  loTcr  one  end  of  the 
level  by  the  screivs  which  fasten  it  to  the  plate,  till  tlie  bubble 
comea  about  liaJf  u-ay  back  to  the  centre,  and  then  bring  it  qnitc 
back  by  tumin^  its  pair  of  parallol  plate  acrewa.  Then  again 
reverse  the  vernier  plate  180°.  The  bubble  should  now  remain  in 
the  centre.  If  not,  the  operation  should  he  repeated.  The  same 
must  be  done  n"ith  the  other  level  if  required.  Then  the  bubbles 
■ffUI  remain  in  the  centre  during  a  complete  revolution.  This 
proves  that  tlie  axis  of  the  vermer  plate  b  then  vertical ;  and  as 
it  has  been  fixed  by  the  maker  perpendicular  to  the  plate,  the 
latter  must  then  be  horizontal. 

It  ia  also  necessary  to  examine  whether  the  bubbles  remain  tc 
the  centre,  ivhen  the  divided  circle  is  turned  round  on  its  a-tis. 
If  not,  the  as«3  of  the  tvro  plates  are  not  parallel  to  each  other. 
The  defect  caa  be  remedied  only  by  tlie  maker ;  for  if  the  bubbles 
be  altered  bo  aa  to  ba  right  for  tlua  reversal,  they  n^ill  be  wrong 
for  Uie  vernier  plate  reversal 

(361)  Second  adjustment.  To  cause  the  Uiie  of  collmation  Co 
revoloe  in  a  plane.' 

VerificaitQii.  Set  up  the  Transit  in  the  middle  of  a  level  inece 
of  ground,  48  at  A  in  the  figure.  Level  it  carefully.  Set  ft  stake, 
with  a  nail  drlrea  into  its  head,  or  a  chain  pin,  as  far  frooa  the 
utstrument  as  it  13  distinctly  visible,  aa  at  B.  .  Direct  the  teIc3C0pa 

1  Ills  ailJiiiitHteiit  is  not  tlip  lAtoa  in  tlio  Transit  nnd  in  ihe  Tliemlolile.  Tlinl 
Cm      Ti'mtui  will  bo  firat  given,  nod  itiut  for  tb«  Ttieodtilitti  in  the  next  mr^ck. 


Adjustmenls. 


848 
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to  it,  and  fix  the  intersection  &f  the  cross-haiig  very  precisely  upon 
it.    Clamp  the  ioatnim^Tit.   Measure  from  A  to  B.    Then  tvm 

OYCT  the  telescope,  and  set  another  stake  at  an  equal  distance  from 
the  Tra^t,  and  also  preci^-ely  in  the  line  of  sight.  If  the  hne  of 
collimatien  has  not  coatiiiued  in  the  some  plane  during  \U  half-revo- 
lufuon,  this  state  Tsill  not  be  at  E,  liit  to  one  a,de,  aa  at  C.  To 
discover  the  truth,  loosen  the  clamp  and  turn  the  vernier  plate  half 
around  without  touching  the  telescope.  Sight  to  fi,  as  at  first,  and 
again  clamp  it.  Then  turn  over  the  telescope,  and  the  line  of  sight 
mil  strike,  as  at  D  in  the  figure,  as  far  to  the  right  of  the  poiut,  as 
it  did  before  to  its  left. 

Reeiijicatmi.  The  fault  which  is  to  he  rectified,  is  that  the  Imo 
of  cailimatioQ  of  the  telescope  is  not  perpendicular  to  the  horizontal 
axis  on  ivhich  the  telescope  revolves.  This  will  be  seen  hj  the 
figures,  which  represent  the  position  of  tho  lines  iaeach  of  the  four 

A 

ris.2«.B'  ^ — ^ 


Fig.  241. 
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observationa  which  have  been  made.  In  each  of  the  figures  the 
long  thick  line  represents  the  telescope,  and  the  short  one  tho  axis 
on  whiflh  it  turns.    In  Fig.  243  the  Une  of  sight  is  directed  to  B. 
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In  Fig.  244  the  telescope  bas  been  turaed  over,  and  wilh  it  the 
axis,  ao  tliat  the  obtuse  angle,  marked  0  in  the  first  figure,  has 
taken  the  place,  0',  of  the  amte  angle,  and  the  telescope  points  to 
C  inatead  of  to  E.  In  Fig.  245  the  Temier  jilate  lias  been  turned 
iialf  around  so  aa  to  point  to  B  again,  and  the  same  obtuse  angle 
liaa  got  around  to  0".  In  Fig.  240  the  telescope  has  been  turned 
over,  the  obtuse  angle  ia  at  0'",  and  the  telescope  noir  points  to  D- 

To  make  the  Une  of  collimation  perpendicular  to  the  axis,  the 
furmer  must  have  its  direction  changed.  This  la  efiected  l>y  moY- 
ing  the  verticid  hair  the  proper  distance  to  one  side.  As  waa 
explained  in  Art.  (S30),  and  represented  in  Fig.  217,  the  cross* 
Iiaira  are  on  a  ring  held  four  screws.  By  loosening  the  Icft- 
iiand  screw  and  tightening  the  tight-hand  one,  tlic  ring,  and  irith 
it  the  croBs-haira,  will  be  drawn  to  tlie  right ;  and  vice  vet-sa.  Two 
holes  at  right  angles  to  each  other  pass  tlirough  the  outer  heads  of 
ihe  screws.  Into  these  holes  a  stout  sleel  vire  is  inserted,  and 
the  screws  can  thus  bo  turned  around.  Screws  so  made  are  called 
'■  capstan-headed."  One  of  the  other  pair  of  screws  may  need  to 
be  loosened  to  avoid  straining  the  threads.  In  some  French  instru- 
ments, one  of  each  pair  of  screws  is  replaced  by  a  spring. 

To  find  how  mnch  to  move  this  vertical  hair,  measm-e  from  C  u> 
D,  Fig.  242,  page  243.  Set  a  stake  at  the  middle  pomt  E,  and 
set  another  at  the  point  F,  midway  between  D  and  E.  Jluve  the 
vertacal  hair  till  the  line  of  sight  strikes  F.  Then  the  instrument 
is  adjusted ;  and  if  the  line  of  sii^ht  be  now  directed  to  E,  it  will 
strike  B,  when  the  telescope  is  tunied  over ;  since  the  liair  ia 
moved  half  of  the  doubled  error,  DE.  The  operation  will  gene- 
rally require  to  he  repeated,  not  being  quite  perfected  at  first. 

It  should  be  remembered,  that  if  tho  Telescope  used  does  not 
invert  objects,  its  eyc-pieco  will  do  ao.  Conseq^uentlj,  ivith  auoh  a 
Idescope,  if  it  seems  that  the  vertical  hair  should  be  moved  to  the 
left,  it  must  be  moved  to  the  right,  and  vic4  versa.  An  inverting 
telescope  does  not  invc-rt  the  cross-hairs. 

If  the  young  surveyor  has  any  doubts  na  to  the  perfection  of  hia 
rectification,  he  may  set  anotlicr  stake  exactly  under  the  instrument 
by  means  of  a  plumbdin-e  euspended  from  ita  centre ;  and  then,  in 
like  manner,  set  his  Transit  over  B  or  E.    He  will  find  that  Ihfi 
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other  two  stakes,  A  and  the  extreme  one,  are  ia  tlie  same  straight 
line  vrith  his  instrument. 

In  some  instruments,  the  horizontal  slsjs  of  the  telescope  can  be 
taken  out  of  ita  supports,  and  turned  over,  end  for  encL  la  such 
a  coae,  the  line  of  sight  may  ha  directed  to  any  well  defined  point, 
and  the  axis  then  taken  out  and  turned  over.  If  tlie  line  of  sight 
again  strikes  the  same  point,  this  line  is  perpcjidicular  to  the  axis. 
If  not,  the  apparent  error  h  donlble  the  roal  error,  as  appears  from 
the  figures,  the  obtuse  angle  O  coming  to  0',  and  the  desired  per- 
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pendicular  lino  falling  at  C  midway  hetween  B  and  B'.  The  ree- 
tifioation  may  be  made  as  before ;  or,  in  some  large  instruments,  in 
which  the  telescope  is  supported  on  Y^j  by  moving  one  of  the  Y9 
laterally. 

(362)  The  Theodolite  must  be  treated  differently,  ainee  ita  tele- 
scope does  not  reverse.  One  snbetitute  for  this  reversal,  when  it 
i3  desired  to  range  out  a  lino  fonrapd  and  backward  from  one  sta- 
tion, is,  after  sighting  in  one  direction,  to  take  the  telescope  out  of 
the  yg  and  turn  it  end  for  end,  to  sight  ia  the  reverse  dirccdon. 
Ihig  it  ca.n  he  made  to  do  by  adjusting  ita  line  of  collimation  aa 
explained  in  the  last  article.  Another  substitute  ia,  aftur  sighting 
in  one  direction,  and  noting  the  reading,  to  turn  the  vernier  plate 
around  exactly  180*.  Eat  thia  supposes  not  only  that  the  graduo- 
tion  is  perfectly  accurate,  but  also  that  the  line  of  collimation  is 
exactly  over  the  centre  of  the  circle.  To  test  this,  after  sighting 
to  a  point,  and  noting  the  reading,  take  the  telescope  out  of  the 
ya  and  turn  it  end  for  end,  and  then  ^iim  tJie  vemior  plate 
around  exactly  180°.  If  the  line  of  eight  again  strikes  the  same 
poiiat,  the  latter  condition  exists-    If  not,  tL,e  maker  must  remedy 
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tie  defect.  This  error  of  eccentricitj  la  similar  to  that  esplaincid 
nltli  respect  to  tlie  compass,  in  the  latter  part  of  Art.  (226). 

(363)  Third  ailjusliuenl.  To  came  the  line  of  collimation  fc 
revolve  in  a  vertical  phme* 

Verijioation.  Suspend  a  long  plumb-line  from  some  high  point. 
Set  the  instrumcut  near  this  line,  Jind  le^e!  it  carefully.  Direct 
tlie  telescope  to  the  plamWine,  ami  see  if  tLe  intoreection  of  the 
cross-liairs  follows  aiid  remainB  upon  this  line,  when  the  telescope 
is  tamed  up  and  down.    If  it  docs,  it  moves  in  a  vertical  pjlaiic. 

The  angle  of  a  new  and  well-Tjuilt  house  will  ftrm  an  impErfeet 
Bubstitate  for  the  plumb-line. 

Otherwise  ;  the  instrument  being  set  up  and  levelled  as  abore,. 
place  a  basin  of  some  reflecting  liquid  (quicksDvcr  being  the  best, 
though  molasses,  or  oil,  or  even  water,  will  aiiswcr,  though  lesa  per- 
fectlj,)  BO  that  the  top  of  a  steeple,  or  other  point  of  a  hifjh  object, 
can  bo  eeeu  in  it  through  the  telescope  by  reflection.  JInI;e  tlie 
intersection  of  the  eroas-hairs  cover  it.  Tlien  turn  up  the  tele- 
scope, and  if  the  intersection  of  tlio  cross-hairs  bisects  also  th* 
object  seen  directly,  the  line  of  eight  has  moved  in  a  vertical  plane. 
If  a  star  he  taken  as  the  object,  the  star  and  its  reflection  will  ht) 
ct|uivalcnt  (if  it  bo  norirly  over  head)  to  a  plumb-line  at  least  fifty 
million  milhon  miles  long. 

Otherwise ;  set  the  instmmcnt  as  close  as  possible  to  the  ba5« 
of  a  steeple,  or  other  high  object ;  level  it,  and  direct    F'g-  2« 
it  to  the  top  of  the  steeple,  or  to  some  other  elevated 
find  irell  defined  point.    Clamp  the  plates.   Turn  down 
the  telescope,  and  set  up  a  pin  in  the  ground  pre- 
cisely "  in  line."    Then  loosen  the  clamp,  turn  over 
the  telescope,  and  turn  it  half-way  around,  or  so 
far  aa  to  ng'uxa  sight  to  the  high  point.  Clamp 
the  plates,  and  again  turn  down  the  telescope.  If 
the  lifte  of  sight  again  strikes  the  pin,  the  telescope 
has  moved  in  a  verdcal  plane.    If  not,  the  apparent  f  f  P* 
etTOr  is  double  the  real  error.    For,  let  S  be  the  top  of  the  steeple, 

■  Tliia  nppiif-B  lo  Uulli  llic  Trenail  ami  lUeTlifoilulil^,  wiih  llii?  pigepimn  vt  tli« 
nt<>llid>l  oi  vmltchtiDfl  by  [Lie  ileopl?  auil  pin,  wlikli  Dj)pii(!B  ouly  lo  <iLc>  Trauiit 
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(Fig.249)  and  P'  the  pin ;  then  tbe  planeio  which 
the  telescope  mo7cs,aeen  eflgeiriaCjiaSP';  and, 
after  tcin^  turned  around,  the  line  of  sight 
moves  in  tbe  piano  SP",  as  far  to  one  eidc  of 
the  vertical  piano  SP,  as  SP'  was  oa  the  other 
flido  of  it. 

ReatificaUon.  Since  the  aecond  adjustment 
biases  the  line  of  Bi;^ht  to- move  m  a  plane  per- 
pendicular to  tbe  axis  on  which  it  turns,  it  will 
move  in  a  vertical  ptane  if  Uiat  axis  be  hori- 
zontal. It  rmy  he  made  ao  bj-  tiling  off  the 
feet,  of  the  etandanla  which  support  the  hij^licr 
end  of  the  axis,  Thb  will  be  beat  done  by  the 
maker*  In  aome  instruments  one  end  of  the 
axis  can  be  raised  or  lowered* 

(361)  CfDtriag  cje-plcce,  In  some  in- 
struments, such  as  that  of  which  a  longitudinal 
section  13  shown  in  the  margin,  tbo  inner  end 
of  the  ej'c-piece  may  be  moved  so  that  tbe 
cross-Lairs  shall  be  seen  precisely  In  the  cen- 
tre of  its  fi-eld  of  viow.  This  is  done  by  means 
of  four  screws,  arranged  in  pairs,  like  Ihoso  of 
the  cross-bair-rin^  screws,  and  capable  of  mov- 
ing the  eye-piece  up  and  down,  and  to  right 
or  leftj  by  loosening  one  and  tightening  the 
opposite  one.  Two  of  thom  are  shown  at  A,  A, 
in  the  figure;  in  wliEcU  B,B,  are  two  of  tbo 
cr058-hair  screws. 

<;3M)  Centring  object-^tlass.  In  some 
instruments  four  screws,  similarly  arranged, 
two  of  which  are  shown  at  C,  C,  can  move,  m 
any  direction,  the  inner  end  of  the  slide  which 
carries  the  object-glass.  The  necessity  for 
such  an  arrangement  arises  from  the  tmpoasi- 
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bilit^  cf  Jraiviiig  a  tube  perfectly  straiglit.  CoiiaequcnUy,  the 
line  o-f  coUimation,  when  the  tube  is  di-awn  in,  ^ril]  not  coincide  with 
tlio  same  line  wiien  tlie  tube  is  pusiiGii  out.  If  adjusted  for  on? 
position,  it  viiM  tlierefore  be  ■wrong  for  tbfl  otlier.  These  screwB| 
Lowever,  can  make  it  right  in  both  positions,  Tliey  arc  used  as 
follows. 

Sight  to  some  vrcU  defined  point  as  far  off  as  it  can  be  distinctly 
fleen.  Then  rcvolvo  the  telescope  half  avound  in  its  supports; 
!.  e..  turn  it  upside  dowa.'  If  the  lino  of  coUimation  was  not  m 
the  imaginary  axig  of  tho  rings  or  collars  on  which  tho  telescope 
rests,  it  will  pow  no  longer  bisect  tbc  objiect  sighted  to.  Thus, 
if  tlio  horizontal  Lair  ii'as  too  Ligli,  as  in  Fig-  -51.  tu?  liae  of 
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coUiinaiion  would  point  at  first  to  A,  and  after  being  turned  over,  n 
ivould  point  to  B.  Tlie  error  13  doubled  by  the  reversion,  and  it 
should  point  to  C,  midway  between  A  and  E.  Mate  it  do  ao,  by  un 
Bcrewiiig  tlio  upper  capstan-beaded  screw,  and  soreiving  in  the  loiver 
one,  till  the  horizontal  balr  ia  brought  half  way  tack  to  the  point. 
Remember  diat  In  an  erecting  telescope,  tlie  cross-hairs  are  rerersed, 
and  vice  versa.  Bring  it  tlio  rest  of  the  way  by  mean3  of  tbe 
parallel  plato  screws.  Then  revolve  it  in  the  Ys  bacic  to  ita  orig- 
inal position,  and'  see  if  the  intersection  of  the  cross-hairs  now 
bisects  the  point,  as  it  sliould.  If  not,  again  revolve,  and  repeat 
the  operation  til!  it  is  perfected.  If  the  vertical  hair  passes  to  the 
right  or  to  the  left  of  tlie  point  when  the  telescope  is  turned  half 
around,  it  must  be  adjusted  in  the  samo  manner  by  the  other  pair 
of  cross-Iiaii-8  screws.  One  of  tLese  adjustmcnta  may  disturb  tlie 
otlier,  and  they  should  be  repeated  alternately.  When  they  ara 
perfected,  Uie  intersection  of  tite  cross-hairs,  wlien  once  fixed  on  a 
polntj  will  not  move  from  it  when  tlie  telescope  b  revolved  in  its 


IiiTlicmlolitpii.llie  Ttlcscope  ia  |■evc^lv(^J  in  tIic  Yn.  !■  TrnnsilF,  iho  in«licr, 
iiy  whom  iliii  B-JjitMHiciit  W  iiitiqIIj  pciriiTmed,  ruvoli-n  Ilie  Tclewwji*,  in  lb* 
iOltts  DiauuiT,  btfar*;  it  in  iix.e<l  iu  ila  ciuiui'bui'. 


sapporta.  Tills  double  operation  13  caDed  adjusting  the  h'ne  <^ 
collimatim.* 

This  liiie  is  tJOT?  adjuaied  for  distant  objects.  It  would  be  ao  for 
near  ones  also,  if  the  tube  were  perfectly  straiglit.  To  teat  this, 
sight  to  some  point,  as  near  as  is  distinctly  visible.  Then  turn  tbe 
telescope  half  orer.  If  the  intersection  docs  not  now  bisect  the 
point,  bring  it  half  way  there  by  the  BCrewa  C,  C,  of  Fig.  250, 
raoii-lng  only  one  of  the  hairs  at  a  time,  ns  hcforc.  Tlicn  repeat 
tho  former  adjustment  on  the  distant  object.  If  tliis  b  not  quite 
perfect,  repeat  the  operation. 

Tliis  adjustment,  in  instruments  thus  arranged,  should  precede 
tho  first  one  irhich  we  have  explained.  It  is  usually  performed 
by  the  maker,  and  its  screws  ai-e  not  visible  in  the  Transit,  being 
enclosed  in  the  ball  seen  ■where  the  telescope  ia  connected  with 
the  croas-bar.l 

All  the  adjustments  should  be  meddled  with  as  little  as  possible^ 
lest  the  screws  should  get  loose ;  and  when  once  made  right  they 
ehould  be  kept  so  by  careful  usage. 

'  Tliis  "flJjiiilineiit  *f  line  of  collimalioo"  Ims merely  lnon^lil  ibe  intenec- 
|j«n  of  Ihe  Cfois-hair*  (wliich  fixes  die  lino  of  siglil)  inlo  llie  line  jfiiuing  The  coii- 
tre4  nf  tha  aillnn  on  which  llie  telmope  lams  in  ib-e  Yh;  but  i1il>  ninhcr  ii  (n|> 
poseJ  to  baveorifi Dally  fixcct  the  Df>tjcnt  of  thcldeicapG  (i.  e.  Ilio  lint;  joiuiag 
ibe  oplicot  ceutrrs  of  iLc  gliuics)  m  ihe  utne  lice 

tThe  adjiMtmest  of  "Ctulrlug  lltc  Dlijtct-Elai*  i*  lUe  iuTcnlioa  of  Mcmi* 
fitulcj-,  of  Titiy. 


£50 


CHAPTER  IV. 

THE  FIELD-WORK. 

(364)  To  measure  a  borizoutal  angle.  Set  up  tlio  instrument 
10  tJiat  its  centre  shall  be  Fig-  252. 

exactlj  over  the  angu- 
lar point,  or  la  the  in- 
tersection of  the  tvro 
linea  whose  difference  of 
direction  is  to  he  measm-ctl;  as  at  B  in  the  figure.  A  plumb 
line  must  be  suspended  from  under  the  centi'«.  Dropping  a 
Btone  is  an  imperfect  substitute  for  this.  Set  t!ie  instrument 
s<j  that  its  lower  pirallel  plate  may  be  as  nearly  horizontal  as 
possible.  The  levels  will  serve  as  guides,  if  tho  four  parallel-plate 
HCreiFS  be  firet  so  screwed  up  or  down  that  equal  lengths  of  thera 
gliall  be  above  the  upper  plate.  Then  level  the  instrument  care- 
fully, as  in  Art.  (3SS).  Direct  the  telescope  to  a  rod,  stake,  or 
other  object,  A  in  the  figure,  on  one  of  the  lines  which  form  the 
angle.  Tighten  the  clamps,  and  by  the  tangent-screw,  (see  Art, 
(336)),  move  tho  telescope  ao  that  the  intersection  of  the  croas- 
halre  shall  very  precisely  bisect  this  object.  Note  the  reading  of 
the  Ycmier,  as  explained  in  the  preceding  chapter.  Then  loosen 
tlie  clamp  of  tho  vernier,  and  direct  the  telescope  on  the  other  lina 
(as  to  C)  precisely  as  before,  and  again  read.  The  difference  of 
the  two  readings  will  bo  tho  desired  angle,  A33C.  Thus,  if  the 
firat  reading  had  been  40°  and  the  last  100*,  the  araglo  would  ba 
150°.  If  the  vernier  had  passed  3G0°  in  taming  to  the  second 
object,  360°  should  le  added  to  the  last  reading  before  subtract- 
ing. Thus,  if  the  first  reading  had  been  300",  and  the  Inst  read' 
ing  90°,  tlie  angle  would  be  found  by  calling  the  last  reading,  as 
it  really  is,  360°  +  90°  =  450°,  and  then  subtracting  300°. 

It  is  beat  to  sight  first  to  the  left  hand  object  and  tlien  to  tho 
right  hand  onej  turning  "with  the  sun,"  or  like  the  Lands  of  a 
watch,  since  the  numbering  of  the  de^eea  usually  runs  in  that 
direction. 
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It  ia  convenient,  though  not  necessary,  to  begin  by  setting  t]ie 
Temicr  at  zen>,  by  the  upper  movement  (that  of  tLo  Teraier  plate 
on  the  circle)  and  then,  by  meats  of  the  lower  motion,  (that  of 
tho  whole  Instrumont  on  Its  axis),  to  direct  the  telescope  to  the  Brat 
object.  Then  fasten  the  lower  ctamp,  and  sight  to  the  second! 
object  as  before.  The  reading  will  then  be  the  ang^e  desired. 
An  objection  to  this  is  that  the  two  verniers  seldom  read  alike.* 

After  one  or  more  angles  ha.vo  been  observed  from  one  jtolnt, 
the  tcleacopo  must  be  directed  back  to  the  first  oljjectj'and  the 
leading  to  it  noted,  so  as  to  make  sure  that  it  has  not  sllppecl. 
A  watch-telescope  (see  Art.  339)  renders  this  unnecessary. 

The  error  arising  from  the  inatrument  not  being  set  precisely 
over  the  centre  of  the  station,  will  be  greater  the  nearer  the  object 
ffl^hted  to.  Thus  a  difference  of  one  inch  -would  cause  an  error  of 
only  3"  in  the  apparent  direction  of  an  object  a  mile  distant,  but 
one  of  nearly  3'  at  a  distance  cf  a  hundred  feet. 

(367)  Rcdncdon  of  high  and  loir  objects.  When  one  of  the 
objects  sighted  to  ia  higher  thazi  the  other,  tho  "  plunging  tele- 
ecope"  of  tlicao  instruoaents  causes  the  angle  measured  to  be  tho 
true  horizontal  angle  desired;  i.  e.  the  same  angle  as  if  a  point 
exactly  under  the  high  object  and  on  a  level  with  the  low  object 
(or  vice  vena}  bad  been  sighted  to.  For,  the  telescope  has  been 
caused  to  move  ia  a  vertical  plane  by  the  3d  adjustment  of  Chap- 
ter n,  and  the  angle  measured  ia  therefore  the  angle  between  tha 
Tertical  pianos  which  pass  through  the  two  objects,  and  vrhich 
"  project"  the  two  Imcs  of  sight  on  tl^g,  same  horizontal  plane. 

This  constitutes  tho  great  praetic^J  advantage  of  tbcso  inBtru- 
mcnts  over  ^osc  which  are  held  in  the  planes  of  tho  two  objects 
observed,  such  as  the  sc'ctant,  and  tho  "  circle"  much  used  by  the 
Trench. 

*  The  learner  will  ia  well  to  gaogobii  own  precision  anil  tbnl  nfilio  inalniiEeul' 
(moi  lie  may  r««I  ouiijed  that  his  ohd  nill  b«  iho  nne  cliietlir  in  fault)  mensura 
tag,  from  aay  in,&m,ibv  aoglca  bflwcfD  ^ucceMivi.-  puinin  all  (irtmiiii  hm,  ntl  !)• 
gBtt  back  i«  ifaa  Ern  point,  be^uuiijig  ai  JilR-ieut  pw»  cf  fli?  clrete  for  rikch  soela^ 
Th«  Rum  f{  all  th^M  anglM  AinJd  exactly  eq^n&l  3G0".  lie  will  [•robuEiLy  find 
ijiute  a  (liSiirence  from  tliaL 
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(3fi8)  notation  or  angles,  Tha  anglca  observed  may  b£ 
noted  in  Tarious  ways.  Tiioa,  the  observation  of  thfl  angle  ABC, 
in  Fig.  252,  may  be  noted  "  At  B,  from  A  ta  C,  1-50%"  or  better, 
"  At  B,  between  A  and  C,  150°."   Iq  cflluma  form,  this  beccmes 


Between  A 
At 


150= 
B 


land  C. 


When  tlie  vernier  had  been  set  at  zero  before  sigUting  to  tha 
firat  object,  and  other  objects  were  then  sighted  to,  those  objects, 
the  readings  to  -n-hich  were  less  than  180%  w-ilL  be  on  the  left  of 
the  first  line,  and  those  to  wliich  the  readings  nvcro  more  than 
180^.  will  be  on  its  right,  looting  in  the  direction  in  which  the  sup. 
7^7  13  proceeding,  from  A  t»  B,  and  so  on.* 

(369)  Probable  error.  ^\Tien  a  number  of  Bcparate  observa- 
tions of  an  an^lc  have  been  made,  the  mean,  or  average  of  them  all, 
(obtained  by  dtTiding  the  sum  of  the  reacUnga  by  their  number,) 
i3  taken  aa  the  true  reading.  The  *'  Probable  error"  of  this  moan, 
i3  tbe  q^uantity,  (minutes  or  seconds)  wlucb  la  such  that  there  is  an 
even  chance  of  the  real  error  being  more  or  less  than  it.  Thus, 
if  ten  meagaromcntB  of  an  angle  gavo  a  mean  of  So"  18',  and  it 
was  an  equal  wager  that  the  error  of  this  result,  too  much  or  too 
little,  waa  half  a  minute,  then  half  a  mrnuto  would  be  the  "Probable 
error''  of  this  determination,  Thi3  probable  error  iia  equal  to  the 
squaro  root  of  the  sum  of  the  squares  of  the  errors  (i.  e.  the  Jiflct^ 
encea  of  each  observation  fi^om  tha  mean)  divided  by  the  number 
of  observations,  and  multiplied  by  the  decimal  0.674489. 

Tho  same  result  would  be  obtained  by  using  what  is  called 
"  The  ii'eitfht'*  of  tho  observation.  It  is  equal  to  the  square  of 
tho  number  of  observations  divided  by  twice  the  sum  of  the  squares 
of  the  errors.  The  "  Probable  error"  is  equal  to  0.476936  divided 
by  the  square  root  of  the  weight.  Theso  rules  are  proved  by  tb* 
«  Theory  of  Probabilities." 


(370)  To  rcp«at  an  anslc.    Begin  as  m  Art.  (3GS),  an 
measure  the  angle  m  there  directed.     T!ien  nnclamp  below, 
and  turn  tho  circle  around  till  tho  telescope  is  agmn  directei  to 
the  first  object,  and  made  to  bisect  it  precisely  by  the  lower  tan- 
■Tliii  ]i  Ter7  owTal  in  prevenlin};  aay  ambiguity  in  ibe  ftuld-norcs 
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gent  screw.  Then  unclunip  above  aod  turn  tie  vernier  plate  till 
tlie  telescope  agaiu  points  to  the  secontl  object,  the  first  reading 
remaining  uaclianged.  The  angle  ivlII  now  have  been  measured  a 
second  time,  but  on  a  part  of  the  circle  adjoining  tlint  <m  wliich  it 
iTos  first  measured,  the  second  arc  be-gianing  where  the  first  ended, 
Tlie  difiercD^u  hehveen  thg  firat  and  last  readings  will  therefore 
twice  the  angle. 

This  Operation  may  be  repeated  a  third,  a  fourth,  Or  any  num- 
her  of  times,  alwaya  turoing  ibe  tcl&SCOpe  hack  to  the  first  object 
by  the  lower  moTcmcQt,  (so  as  to  start  with  the  reading  at  Ttlucb 
the  preceding  obaerration  left  off)  and  turning  it  to  the  second 
object  by  the  upper  movement.  Take  the  diffcrenee  of  the  firat 
and  last  readings  and  divide  by  the  number  of  observations. 

The  ftdraatage  of  this  method  is  that  the  errors  o-f  ohervathn 
(i.  e.  sighting  sometimes  to  the  right  and  sometimes  to  the  left  of 
the  true  pointj  balance  cacli  other  in  a  numher  of  repetitions ; 
while  the  constant  error  of  gradaalion  b  reduced  m  proportion  to 
this  number.  Thi^  beautiful  pnniiple  hAa  some  iimperfeclions  i& 
practice,  probably  arising  from  tit  slipping  and  straining  of  the 
clamps. 

(371)  Angles  of  deflection.  The  angle  of  deSectioQ  of  out 
line  from  another,  is  the  f -S3. 

angle  vhich  One  line 
makes  with  the  Other 
line  produced.  Thus,  Lu 
the  figure,  the  angle  of 
deflection  of  EC  from 
AB,  a  B'BC.    It  id  eyidently  the  supplement  of  the  angle  ABC. 

To  measure  it  with  the  Traruif,  Bct  the  instnunent  at  B,  direct 
the  telescope  to  A,  and  then  turn  it  over.  It  will  now  point  in  the 
dirccdon  of  AJi  produced,  or  to  B',  If  the  2d  adjustment  of  Chapter 
II,  has  been  performed.  Note  the  reading.  Then  direct  the 
telescope  to  C^  Note  the  new  reading,  and  their  difiercnce  wiU 
be  tiie  required  aaglc  of  deflection,  BTJC. 

If  the  vernier  he  set  at  zero,  before  taking  the  first  obscmitjoii, 
the  reading  for  objects  on  the  right  of  the  first  line  will  he  less  than 
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180%  and  more  than  ISO"  for  objecta  on  the  left;  coaveraely  to 
Art.  (368). 

(372)  Line  somylng^.  TLc  survej  cf  a  line,  such  as  a  road, 
&c.,  cMi  be  made  by  tho  Theodolite  or  Tranait,  v^ith  great  precis- 
ion ;  memaiiag  the  unglo  '^hlch  each  line  msik&i  with  the  preced- 
.ing  liae,  and  noting  their  lengtlis,  and  tho  neccsaarj  offacta  on  each 
Bide, 

Sh&rt  lines  of  sight  should  be  aToided,  since  a  slight  inaccuracy 
in  setting  the  Qontra  of  the  instrument  exactly  over  or  auder  the 
point  previously  eighted  to,  would  then  much  nffeet  the  angle,  as 
noticed  at  close  of  Art,  Very  great  accuracy  can  be  ob- 

tained by  using  three  tripods.  One  would  be  set  at  the  first  sta- 
tion and  sighted  back  to  from  the  inBtrument  placed  at  the  second 
station,  and  a  forward  sight  be  then  taken  to  the  third  tripod  placed 
at  the  third  etatloa.  The  instrument  would  then  be  set  on  this 
third  tripod,  a  bach  sight  taken  to  the  tripod  remaining  on  the  se- 
cond station,  and  a  foresight  taken  to  the  tripod  brought  from  the 
firat  station  to  the  fourth  station ;  to  which  the  instrument  ia  next 
taken :  and  so  on.    This  is  especially  valaable  in  surveja  of  mines. 

The  field-notes  nsay  be  taken  as  directed  in  Chapter  m  of  Com- 
pass Surveying,  pages  li9,  kc.^  the  angles  taking  the  place  of 
the  Bearings.  The  "  Checks  by  mteraecting  Bearings,"  explained 
in  Art.  (246),  should  also  be  employed.  The  angles  made  on  each 
side  of  the  stations  may  both  he  measured,  and  the  equality  of  their 
sum  to  360°,  would  at  once  prove  the  accuracy  of  the  work. 

If  the  magnetic  Bearing  of  any  one  of  the  lines  be  gircn,  and 
that  of  any  of  tho  other  lines  of  the  scries  be  required,  it  can  be 
deduced  by  constructing  a  diagram,  or  hy  modifications  of  the  rales 
given  for  the  reverse  object,  in  Art.  (?43). 

(373)  TrarersiBg :  Or  Sarveylng:  by  Ihe  back-angle^   This  la 

a  method  of  observing  and  recording  llie  different  directions  of  suc- 
cessive portions  of  a  line,  (such  as  a  road,  the  boundaries  of  a  form, 
&c.,)  80  as  to  read  off  on  the  instrument,  at  each  station,  the  angle 
which  each  Une  makes — not  with  tho  preceding  line,  but — with  the 
first  hue  observed.  This  line  is,  therefore,  called  tho  mendian  of 
that  survey. 
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Tbe  FieM-vork. 


Fig.  554. 


Set  up  tho  instrument  at  the  first  angle,  or  second  station,  (B, 
in  (he  figure) ,  of  the  line  to  be  eurvejed.  Sight  to  A  and  then  to 
C.  Clamp  the  vernier,  and  take  the  instrument  to  C.  Looaea 
the  lower  clomp,  and  du-ect  the  telescope  to  B,  the  reading  remain- 
ing as  it  was  at  B.  Clamp  below,  loosen  above,  and  aiglit  to  D. 
The  reading  of  the  instrument  will  be  the  angle  which  the  line  CD 
makes  with  the  £rst  line,  or  Meridiaji,  AB. 

Take  the  instrument  to  D.  Sight  back  to  C,  and  then  forward 
to  E,  as  before  directed,  and  the  reading  of  tlic  instrumeiit  will  he 
the  angle  which  t>E  makes  with  AB. 

So  proceed  for  any  number  of  lines. 

"When  tlio  Transit  is  used,  the  angles  of  deflection  of  each  line 
from  the  first,  obtained  bj  reverfiiag  the  telescope,  may  be  used  ia 
'■'Traversing,"  and  with  much  advantage  when  the  Buecessiva 
lines  do  not  differ  greatty  in  thcb  directions. 


A 

0= 

B 

200= 

C 

50= 

D 

im" 

E 

300° 

F 

210° 

G 

250° 

The  survey  represented  in  the  figure, 
13  recorded  in  the  first  of  the  accompa- 
nying Tablea^aa  observed  with  the  The- 
odolite ;  and  in  the  second  Table,  as 
observed  mth  the  Traoait. 


A 

0' 

B 

20" 

C 

50= 

D 

0= 

E 

300' 

F 

30= 

G 

250° 

The  chief  advantage  of  this  method  is  its  greater  rapidity  in  the 
field  and  in  platting,  the  angles  being  all  laid  down  fironi  one  men* 
dian,  as  in  Compass-surveying.  This  also  increases  the  accuracy 
of  the  plat,  aiuco  any  error  in  the  direction  of  one  lins  does  not 
aSect  the  directions  of  the  following  lines.* 

(374)  Tse  of  the  Compass.  The  chief  use  of  the  CompasB 
attached  to  a  Transit  or  Theodolite,  ia  as  a  check  on  the  obaen-a- 
tiona ;  far  the  dlfiercnce  between  the  magnetic  Bearings  of  any 

*  If  ihers  ato  iwa  Ternicni  take  care  nlwajs  lo  read  ibe  degreea  from  tba 
MtDe  yeraier.    Mark  it  A< 
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two  lices  should  bo  tlie  same,  approximately,  as  the  angle  between 
tliem,  measured  hj  tlie  more  acciirato  mstruments.  The  Bearing 
also  prevents  any  amlj-ignity,  as  to  whether  an  angk  waa  taken  to 
the  right  or  to  the  left. 

The  instrument  may  also  be  used  like  a  simple  compass,  the  tele- 
scope taking  the  place  of  the  sights,  and  requiring  similar  tests  of 
accuracy,  A  more  precise  ivay  of  taking  a  Bearing  is  to  turn  the 
plate  to  which  the  compass  box  is  attached,  till  the  needle  points 
to  zero,  and  note  the  reading  of  the  vernier ;  then  siglit  to  the 
object,  and  agdn  read  the  vernier.  The  Bearing  will  thus  be 
obtained  more  minutely  than  the  divi&ionB  cn  the  compass  loi 
could  give  it. 

(37J)  Measnring  distanrcs  irlth  a  telescope  and  roit>  On 

the  cross-hair  ring,  described  in  Art.  (3^0),  stretch  two  more  liori* 
zontal  spider-threads  at  eq^ual  distances  above  and  below  the  origi- 
nal one  ;  or  all  may  be  replaced  by  a  plate  of  thin     Fig.  255. 

glass,  placed  precisely  in  the  focus, -with  the  accessary   — \ 

lines,  as  in  the  figure,  etched  by  fluoric  acid.    Let  a  (.  \ 

rod,  10  or  15  feet  long, be  hcldnp  at  1000  feotoff;antl  V    •   7 

let  there  be  marked  on  it  precisely  the  length  whieli  — ^ 
the  distance  between  two  of  tlieae  lines  covers.  Let  this  be  subdi- 
Tided  as  minntely  as  the  spaces,  painted  alternately  wliitc  and 
red  and  numbered,  can  be  seen.  If  ten  aubdivisions  a,re  made, 
eacb  will  represent  a  distance  of  100  feet  off",  and  so  on.  Con- 
tinue these  divisions  over  the  whole  length  of  the  rod.  It  is  now 
ready  for  use.  The  French  call  it  a  stadia.  When  it  is  held  up 
at  any  unknown  distance,  the  number  of  divisions  on  it  intercepted 
between  the  two  lines,  will  indicate  the  distance  with  considerable 
precision.   It  should  be  tested  at  various  distances. 

A  "  Levclling-rod,"  dl\-ided  into  feet,  tenths  and  Lundredths, 
may  be  used  as  a  iiadia,  with  less  convenience  but  more  preciaon. 
Ibqierunents  must  previo^ly  determine  at  what  distances  tlie 
space  between  the  lines  in  the  telescope  covers  one  foot,  kc.  Tlien, 
at  any  unknown  dijtonce,  let  the  sliding  "  target"  of  the  rod  be 
moved  till  one  Une  bisects  it,  and  its  place  on  the  rod  be  read  off"; 
let  the  target  be  then  moved  so  that  the  other  line  bisects  it  and  let 
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Its  place  be  agaianoted.  Then  the  required  distance  will  bo  equal  to 
the  difference  of  tli-e  readinj^a  on  the  roil,  in  foot,  muUipned  by  iha 
<lj5tance  at  which  a  foot  "waa  ijiterccptcd  between  the  lines. 

One  of  the  horizontal  baira  may  be  made  mova.ble,  nod  its  dis- 
tance from  the  olher^  when  the  &Ya<:e  between  them  ijxactly  covora 
ail  object  of  kno™  height,  can  be  very  precisely  measured  by 
eotintbg  the  number  of  turns  and  fractions  of  a  turn,  of  a  screw 
by  which  this  movable  hair  is  raised  or  lowered.  A  stmjJB  pro* 
[Wrtion  will  then  give  the  distance. 

On  sloping  gi-ound  a  double  correction  is  necesaary  to  reduce 
the  slope  to  the  hoiizon  and  to  correct  the  obliqiio  "ritfir  of  the  rod. 
Tiio  horizontal  distance  is,  in  couaeiiuonce,  approximately  equal  to 
tlie  observed  distance  multiplied  by  tbo  square  of  the  cosine  of  tlie 
slope  of  the  ground. 

The  latter  of  the  above  two  corrcctiona  will  be  dispensed  with 
by  holding  the  rod  perpendicular  to  the  line  of  sight,  with  the  aid 
of  a  right  angled  triangle,  one  side  of  which  coincidoa  mth  tlie  rod 
at  the  height  of  the  telescope,  and  the  other  side  of  which  adjoining 
the  riglit  angle,  is  caused,  by  leaning  thfi  rod,  to  point  to  the  telt^ 
Bci>pe, 

Other  coatrivancca  have  been  used  for  the  MunO  object,  Buch  as 
a  Binocular  Telescope  with  two  eye-pieces  inclined  at  a  certain 
angle;  a  Telescope  with  an  objcct-glasa  cut  into  two  tnovabl* 
parts;  &c. 


(376)  naD!;:in^  oat  lliifs.  Tliia  ia  the  oon^erge  of  Sutrejing 
lines.  The  instrument  is  fixed  over  the  first  statiou  with  great 
precision,  ita  telescope  being  very  carefully  adjusted  to  more  in  a 
verlical  plane.  A  series  of  etalrea,  mth  isailg  driven  in  their  tops, 
or  otherwise  veil  defined,  are  then  set  in  the  desired  line  as  Uv 
aa  tlio  power  of  the  ingtrument  cxtenda.  It  is  then  taken  fo^rward 
to  a  stake  three  or  four  from  the  last  one  set,  and  is  fixed  orer  it, 
first  by  the  plumb  and  tlien  by  sighting  backward  and  forward  to 
the  fii-st  and  last  Etake.  The  line  is  then  continued  as  before.  A 
good  object  for  a  long  eight  is  a  board  painted  like  a  target,  with 
black  and  white  concentric  ringg,  and  made  to  elide  in  grwves  cut 
in  the  tops  of  two  stakes  set  in  the  ground  about  in  the  line.  li 

IT 
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is  moved  til!  tlie  vertical  Iiair  bisecta  tlic  ciroles  (ivLicL  the  ej« 
can  determine  ivith  groat  precision)  and  a  plumb-lino  dropped,  from 
tlieir  centre,  gives  the  place  of  the  stake,  "  Mason  k  Dixon'a 
line"  was  tlius  raagcd. 

If  n  Transit  be  used  for  ranging,  its  "  Second  Adjuacment"  la 
most  important  to  ensure  the  accuracy  of  the  reversal  of  its  Tele- 
scope. K  a  Theodolite  be  used,  the  line  is  continued  by  turaing 
the  vernier  180",  or  by  reversing  the  telescope  in  its  Y^i  noticed 
m  Arts.  (S25)  and  (362> 

(377)  Farm  SlliTe}'in«r,  &c.  A  large  farm  can  be  most  easily 
and  accurately  sui-veyed,  by  mcasaring  tie  angles  of  its  mainbouu* 
daries  (and  a  few  main  diagonals,  if  it  be  very  large,)  with  a  The- 
odolite or  Transit,  as  iii  Arts.  (366)  or  (371),  and  filling  up  the 
interior  details,  as  fences,  kc,  with  the  Compass  and  Chain. 

If  the  Theodolite  he  used^  »'ig. 
keep  t!io  field  on  the  left 
hand,  as  in  fhllowlng  the  or- 
der of  the  letters  in  this 
figure,  and  tarn  th^  telescope 
around  "wlt3i  the  sun,"  and 
die  mgles  measured  as  in  n 
Art.  (866),  will  be  the  interior  angles  of  the  field,  as  noted  in  tha 
figure. 

The  accuracy  of  the  work  will  be  proved,  as  alluded  to  in 
Art.  (257) )  If  the  sam  of  all  the  interior  angles  he  equal  to  the  pro- 
duct of  180°  by  the  number  of  sides  of  the  figure  less  two.  Thus 
in  the  figure,  Ihc  sum  of  all  the  interior  angles  ~  540°  —  180'  x 
(5  2).  The  sum  of  the  exterior  angles  would  of  course  C'lual 
180'  X  (5  +  2)  =  1260°. 

If  thfl  Transit  be  used,  ttie  farm  should  be  kept  on  tlio  right 
liand,  and  then  the  angles  meaaured  will  be  the  supplements  of  the 
interior  angles.  If  the  ant^lcs  to  the  riglit  be  called  jjoaitive^  and 
those  to  the  left  neyatii'e,  their  algebraic  sum  should  equal  360°. 

If  the  boundary  lines  be  surveyed  by  "  Traversing,"  as  m  Art. 
(37S),  the  readmg,  on  gcttmg  back  to  the  last  etatlon  and  looking 
back  to  the  firet  hae,  should  be  3(50°,  or  0°. 


Tlie  Fleli-fforfc. 


The  content  of  any  surface  BurTCjcd  bj  "  TraTOrsinj; "  ultli  tie 
Transit  can  be  calcuIateJ  hj  tlio  Traverse  Table,  as  in  Chapter 
VIj  of  Part  m,  by  tlie  fullowing  modiScation.  When  the  aTiglo 
of  deflectjoQ  of  aoj  sitie  frcm  tlio  first  side,  or  Meridian,  13  less  tbau 
9(>°t  call  this  angle  the  Bearing,  find  ita  Latitude  and  Departure, 
anil  call  them  botb  plug.  Wbcn  the  angle  b  between  90"  and 
l&0°j  call  the  difference  behFcen  the  angle  and  180°  the  Bearing, 
and  call  ita  Latitude  -nnnvt  and  ita  Pcpartiire  j)?»8.  IVlicn  the 
aa^e  is  between  180°  and  270",  call  ita  dififarcnco  from  180°  tho 
Bearing,  and  call  its  Latitude  mmu»  and  ita  Departure  nitnus.. 
AVhen  tho  angle  ia  mora  tlian  270°,  call  ita  difference  from  360' 
the  Bearing,  and  call  its  Latitude  plus  and  its  Departure  viinua. 
Then  use  these  as  in  getting  the  content  of  a  Compaas-surrey. 
The  signs  of  the  Latitudes  and  Departures  follow  those  of  the 
co3mea  and  sines  in  the  successive  quadrants. 

Tou'it-Siirvfi/inff  would  be  performed  aa  directed  in  Art,  (36I)f 
substitutmg  "  angles"  for  "  Beanngg."  "  Traversing"  19  tlie  beat 
method  in  all  these  cases. 

Inaccessible  areas  would  be  sarveyed  nearly  as  in  Art. 
except  that  the  angles  of  tlio  lines  enclosing  the  space  would  be 
measured  with  the  inatniment,  instead  of  with  the  chain. 

(S78)  PUttia;;*  Any  of  these  san'eya  can  be  platted  by  any 
of  tlie  methods  explained  and  characterized  in  Chapter  IV,  of  the 
preceding  Part.  A  circular  Protractor,  Art.  (284),  may  ho 
regarded  ns  a  Theodolite  placed  on  the  paper.  "  Plating  Bear- 
ing," Art.  can  be  employed  ivhen  tite  survey  has  been 
made  by  "  Traversing."  But  the  method  of  *'  Latitadca  and  De- 
puturee,''  Art-  (285),  is  by  fiir  the  moat  accitrate. 
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TRIANGULAR  SURVEYING; 

OR 

By  Vte  Fourth  Method, 

(STfl)  Tp.ian(J0LAS  StmvEriNQ  is  founded  on  the  FQiirlh  Metli&a 
of  dctemiiung  tlie  position  of  a  iKiIat,  ty  tho  intersection  of  two 
k&o<iTti  linc^,  03  given  in  Art.  (8).  &q  extenaion  of  the  ptinci- 
plg,  a  6.eld,  a  farm,  or  a  country,  can  be  eurYejed  bj  meaauring 
onlyone  line,  and  calculatingall  the  other  desired  distances,  whicli  are 
made  eidea  of  a  connects!  fleriea  of  imaginarj  TrUxnyhi,  whose 
angles  al-e  carefully  measured.  The  district  surveyed  ia  ovctX'd 
witli  a  sort  of  net-work  of  sucli  triangles,  ivhcnfte  tlie  name  given  to 
this  kind  of  SurTcying.  It  ia  mOrO  comOkOnlj  called  "  Trigonoine- 
trical  Surveying;"  and  aometimca  "  Geodesic  Siirveying,"  but  im- 
properly, aince  it  does  not  necessarily  take  into  account  th&  curv-  ' 
aturo  of  the  earth,  though  alwaya  adopted  in  tho  great  surveys  in 
which  that  is  eonaldered. 

C3S0)  Oulllnc  of  operations.  A  late  line,  a2  long  as  possible, 
(5  or  10  miles  in  survejB  of  countries),  \$  measured  irith  extreme 
occtiracy, 

^rom  it9  o^tromities,  angles  are  taken  to  the  most  distant  objects 
risible,  such  as  steeples,  eignals  on  mountaiu  tops,  kc. 

The  distances  to  theaa  and  between  tlicse  arc  then  calculated  by 
tho  rules  of  Trigonometry, 

The  mstrument  is  then  placed  at  each  of  th&so  new  stations,  and 
angles  are  taken  from  thom  to  sdll  moro  distant  statiom,  the  colcu' 
iatcd  iioes  bciag  used  as  new  base  lines, 

TMs  process  is  repeated  and  extended  till  the  whole  district  is 
embraced  by  thcgo  "  primary  triangles"  of  m  large  sides  as  possible. 
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Oae  aida  of  the  loat  triEtngle  is  so  located  that  its  length  can  be 
obtained  EQeasurement  as  well  tLS  hj  calculation,  and  the  agree- 
ment of  the  two  proves  the  accuracy  of  the  whole  work. 

Withia  these  primarj  triangles,  secondary  or  amaller  trlanglea 
are  formed,  bo  fix  the  position  of  the  minor  local  details,  and  to 
aervc  as  startiog  points  for  common  surreya  with  chiua  and  cOoi- 
pas3,  &c.    Tertiary  tnEingles  may  also  be  required. 

The  larger  triangles  are  first  formed,  aad  the  finuUler  ones  based 
on  them,  in  accordance  with  the  importajit  principle  in  all  survey- 
ing  operations,  always  to  work  from  the  whole  to  the  parts,  and  froin 
greater  to  less. 

Each  of  these  stcjps  will  now  he  ccnsidered  in  turn,  in  tlio 
following  order ; 

1.  The  Base  ;  articles  (381),  (S82). 

2.  The  Ti-iangulation ;  articJes  (383)  to  (390). 

S.  Modifications  of  the  method  ;  articles  (391)  to  (395). 

(381)  ncasnring  a  Basc.  Extreme  accuracy  ia  this  is  cecea- 
Bary,  because  any  error  in  it  will  le  midiipUed  in  the  8\ibse<inent 
work.  The  ground  on  which  it  is  located  must  be  smooth  and  nearly 
leTel,  and  its  extretmtiea  must  be  in  si^ht  of  the  chief  points  in  the 
neighborhood.  Its  point  of  leginning  muat  be  marted  by  a  etono 
eet  in  the  groaod  with  a  bolt  let  iato  it.  Over  this  a  Theodolite 
Or  Transit  is  to  be  set,,  and  the  line  *^  rti&^ed  out"  as  directed  ia 
Art.  (S76)-  The  measurement  may  bo  made  with  chains,  (which 
should  he  formed  like  that  of  a  ivatch,)  &c.  but  best  with  rods.  Wo 
will  notice  in  turn  tlioir  Materiah,  S^tpportt,  Alinement,  Levdling, 
and  Contaci. 

As  to  Materials,  iron,  brass  and  other  metals  Iiavs  been  used, 
hut  are  greatly  lengthened  and  shortened  by  changes  of  tempera- 
ture. Wood  is  affected  by  moisture.  Glasa  rods  and  tubes  are 
preferable  on  both  these  accounts.  But  wood  is  the  niogt  convc- 
mcnt.  Wooden  rods  should  be  straight-grained  white  pine,  kc. ; 
well  seasoned,  baked,  soaked  in  boiling  oU,  painted  and  vamishod. 
They  may  be  tru33ed,or  framed  like  a  mason's  plnmb-hne  level,  to 
prevent  their  bonding.  Ten  or  fifteen  feet  is  a  convenient  length. 
Three  are  reijuired,  which  may  be  of  different  colors,  to  prevent 
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miatakeg  in  recording.  They  muBt  be  very  carefully  comptirecl 
^vi^]l  a  standard  measure. 

Supports  must  be  provided  for  the  roclg,  in  accurate  work. 
PosU  set  in  Iidb  at  diatauceg  equal  to  the  length  of  the  roda,  may 
bo  driven  or  sawed  to  a  uniform  liue,  and  the  rods  laid  on  them, 
either  directly,  or  on  Ibeaais  a  little  shorter.  Tripods,  or  trestles, 
■with  screws  in  their  tops  to  raise  or  lower  the  ends  of  the  rod^ 
restiDg  OQ  thenij  or  bloota  with  three  long  screws  passing  tlirough 
them  and  serving  as  legs,  may  also  be  use.1.  Staves,  or  legs,  for 
tho  rods  have  b«en  used;  these  legs  bearing  pieces  which  can  slide 
up  and  down  tKem  and  on  which  the  rods  themselves  rest. 

The  AUnement  of  the  roda  can  be  effected,  if  tJicy  are  laitl  on 
tJie  ground,  by  strings,  two  or  three  bundt'ed  feet  long,  stretched 
between  the  stakes  set  in  the  line,  a  notched  peg  being  dri\-enwhen 
the  measurement  has  rfiched  the  end  of  one  Btring,  -which  is  then 
taTcen  oa  to  the  next  pair  of  stakes ;  or,  if  the  rods  rest  on  supports, 
by  projecting  points  on  the  i-ods  being  alined  by  the  instrument. 

The  Levtlling  of  the  rods  can  be  performed  with  a  common 
mason*9  level ;  or  their  angle  measured,  if  not  horlzonta!,  by  a 
"slope-level." 

Tlte  Contacia  of  tho  rods  may  be  effected  by  bringing  them  end 
to  end.  The  third  rod  must  be  applied  to  the  second  heforc  tlie 
firat  haa  been  removed,  to  detect  any  movement.  The  ends  must 
be  protected  by  metal,  and  sliould  be  rounded  (with  radius  equa] 
to  length  of  rod)  so  as  to  touch  in  only  one  point.  Round-headed 
nails  will  answer  tolerably.  Better  are  saiall  steel  cylinders,  hori- 
zontal on  one  end  and  vertical  oa  the  other.  Sliding  ends,  irith 
vomicrs,  have  been  used.  If  one  rod  be  higher  than  the  next  one, 
one  must  bo  brought  to  touch  a  plumh-linc  which  tonches  the  other, 
and  Its  thickness  be  added.  To  prevent  a  shock  from  contact,  the 
rods  may  be  brought  not  quite  in  contact,  and  a  wedge  be  letdown 
between  them  till  it  touches  botli  at  known  points  on  its  graduated 
edges.  The  roda  may  he  laid  aide  by  aide,  and  lines  drawn  across 
the  end  of  each  be  made  to  coincide  or  fonn  one  line.  This  is  more 
accurate.  Still  better  is  a  "  visual  contact,"  a  double  microscopo 
with  cross-haira  being  used,  bo  placed  that  one  tnho  biseeta  a  dot 
tt  the  end  of  one  rod,  and  the  other  tube  bisects  a  dot  at  tka  end 
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of  the  next  rod.  The  rods  thus  never  touch.  Tlie  distance 
between  the  two  sets  of  cross-liaira  is  of  coiirso  to  "be  added. 

A  Base  could  ha  meaaared  over  Terj  uneven  gtournl,  or  evet 
water,  by  suspending  a  aeries  of  rods  from  a  stretched  rope  by 
nags  in  nhich  they  can  rooTO,  and  levelling  tlicm  and  limi^njj 
thsnk  into  contact  Oa  a1>0re, 

(382)  rorrcclions  of  BasCi.  If  the  rods  were  not  lovol,  their 
length  must  ho  reduced  to  its  homontal  projection.  This  w^mld 
be  the  square  root  of  the  difference  of  the  squares  of  the  length  of 
tho  rod  (or  of  the  base)  and  of  the  height  of  one  end  above  Ihe 
3tlior;  or  the  product  of  the  Bame  length  bj  the  cosine  of  the 
angle  which  it  makes  with  the  horizon.' 

If  the  rods  were  metallic,  they  would  need  to  be  c;iTcctod  Kir 
temperature.  Thus,  if  an  iran  bar  expands  TSu£t>iHT  lu'ugtb 
for  1"  Fahrenheit,  !ind  had  been  teated  at  32",  and  a  Base  had  been 
measured  at  72'  with  such  a  liar  10  feet  long,  and  found  to  contaii 
3000  of  them,  its  apparent  length  wiukl  be  30,000  feet,  but  \U 
real  leogth  would  be  8.4  feet  luorg.  Ad  iron  and  a  l>rfis3  la 
can  be  so  combined  that  the  difforence  of  their  expansioa 
causes  two  poiuts  attached  to  their  ends  to  remain  at  the  sann 
distance  at  all  temp  era  tures.  Such  a  combination  ia  used  on 
the  IT.  S.  Coast  Survey. 

(383)  Choice  of  Stations.  The  stations,  or  "Trigonometriea] 
points,"  which  are  to  form  the  vertices  of  the  triangles,  and  to  be 
observed  tc  and  from,  must  he  so  selected  that  the  resulting  trian- 
gles may  bo  "  well-conditioned,"  i,  e.  may  have  such  sides  and  angles 
mat  a  small  error  in  any  of  the  measured  quantities  will  cause  the 
least  possible  errors  in  the  quantities  calculated  from  them.  The 
higher  Calculus  shows  that  tlio  triangles  should  be  as  ncai'Iy  equi- 
lateral  as  possible.  Tina  is  seldom  attainable,  hut  no  angle  sliould 
bo  admitted  less  than  30°,  or  more  than  120°.f 

•  MorcprMisi'ly,  A  being  this  HngU>, miil  tint  mart  llinn  ""eir'Jfr  lbs  (liffer 
Kiev  b^ivrcpn  thL>  iudined  iind  tinrizuulul  k'nglliK,  «|nnlB  Ihe  iiicliiieil  or  ml 
Iftu^h  iHHiriplicii  by  ibc  eqndre  uf  llie  rjiiEiilo  In  A,  mitl  llmt  by  tin-  clrcimol 
O.OOD00004ii3l  ;  nil  ebewii  in  Ap|it^iti]ii  D.  tn  n  GriiJetit;  survi'v,  llio  I'nac  would 
■lui  111?  rrq^iired  In  Iw  reilnci.il  In  tba  Icvpl  of  ihe  *oo. 

t  Wbi^n  two  aiit'Ies  nmj  ore  obstrvinJ,  m  ii  often  llio  rnso  ui  Ihe  iecnrHlBtj 
Inargiilation,  ihe  uBubierved  nngle  o.u>;lil  lo  be  nearly  a  rijjlil  angle. 
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To  extend  the  tnangulaihn,  bj  continually  intrciisiDg  the  siJea 
of  t^e  triaagltis,  witliout  introducing  ill-conditioned"  triangles, 
loay  be  eSfi^ctcd  :m  La  the  figure.    AB  ia  the  mcasia:cd  base 

Fig.  257. 

\ 


C  and  D  are  the  nearest  statioiis.  In  the  triangles  ABC  and  ABD, 
all  the  angles  being  oljacrvcd  and  fhc  side  AD  Icuown,  tlie  oUier 
sides  can  be  readilj-  calculated.  Tbcn  in  each  of  the  tiiaingloa 
DAC  and  DBC,  two  aides  and  the  contained  angles  are  given  to  find 
DC,  one  calculation  checVing  the  other,  DO  then  becomes  a  base 
to  calculate  EF ;  wluch  is  then  used  to  find  Gil ;  and  ao  on. 

'Ilie  foTfer  primary  atationa  used,  tho  bettor ;  both  to  prerent 
confusion  and  because  the  smaller  number  of  triangles  makes  tlio 
correctness  of  the  results  more  "probable." 

The  United  States  Coast  Surrey,  under  the  superifitendetice  <fT 
Prof.  A.  D.  Bache,  displays  some  fine  illustrations  of  these  princi- 
ples, and  of  the  modifications  tliey  may  undergo  to  suit  various 
localities.  The  figure  on  the  opposite  page  roprescata  part  of  Uio 
Schoine  of  the  primary  triangulntion  resting  on  the  Massa- 
cliusetEs  base  and  including  some  reniarltably  «cn-couJitioncd 
triangles,  as  ivdl  as  the  syatem  of  r|uadrilatcral3  which  ia  a  valuable 
r<?atura  of  the  echerae  when  tlie  sides  of  the  triangles  are  extended 
to  Conaidiirable  lengths,  and  quadrilaterals,  with  both  diagonala 
d^temiined,  take  the  pla06  of  simple  triangles. 

The  engraving  ia  on  a  scale  of  1 : 1200^000. 
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(36i)  Signals.  Ihsy  must  be  Uig^,  conspicuous,  anil  so  made 
tiint  the  ifl3trumctit  can  bo  placed  preciselj  under  tlie-m. 

Three  or  four  timbera  framed  into  a 
pjrauuil,  as  in  thfi  figure,  with  a  long  must 
projocting  a'bm,  fulfil  the  first  and  last 
conditions.  The  mnst  may  he  made  vorti- 
cal bj  directing  two  thflodijliteg  to  it  and  ad- 
justing it  so  that  their  telescopes  follo-w  it 
up  and  down,  their  Unea  of  sight  being  at 
right  angles  to  each  other.  Guy  ropes 
may  he  used  to  keep  it  vertical. 

A  very  excellent  signal,,  used  on  the  JIassachuaotta  State  Survey, 
by  Mr.  Borden,  ia  represented  in  the  threo  following  figures.  It 
rifj.  2G0.  Fi^.ilCl.  Fig.  202. 


consist  merely  of  three  stout  sticks,  which  form  a  tnfiod,  framed 
Tcith  the  signal  staff,  by  a  bolt  passing  througli  their  ends  and  iu 
middle.  Fig.  2(30  represents  the  signd  as  fi-amed  on  the  ground; 
Fig,  201  shews  it  erected  and  ready  for  ohservation,  its  hase  being 
steadied  with  stones ;  and  Fig.  262  shews  it  with  the  staff  turned 
aside,  to  make  room  for  tiiB  Theodolite  and  its  pro-  Fig.  203 
tecting  tent.  The  heights  of  these  signals  varied  be- 
tween 15  and  80  feet. 

Another  good  sigtial  consiatj  of  a  stout  post  let  into 
the  ground,  Vp-ith  a  mast  fastened  to  it  by  a  bolt  below 
and  a  collar  above.    By  opening  the  collar,  the  maat 
cijn  he  turned  down  and  the  Theodolite  act  exactly      ■  '\~]  f 
under  the  former  summit  of  the  signal,  i.  c.  in  itsvcvti-  1 
cal  axis.  • — '  ; 

Signals  should  have  a  height  e*jual  to  at  least  t^ss  o!  their  di* 
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tanco,  so  OS  to  subtend  an  angle  of  half  a  minute,  whicli  lesrpe- 
rierice  has  shown  to  be  the  least  allowable. 

To  make  the  tops  of  the  signnl-masts  conspicuons,  flags  may  b* 
attached  to  them  ;  white  and  red,  if  to  be  seen  against  the  ground, 
aud  red  and  green  if  to  be  seen  against  the  slty.*  The  motion  of 
flaga  renders  them  visible,  ivhen  much  larger  motionless  objecta 
are  not.  But  they  are  useless  in  calm  weather.  A  di&c  of  sheet- 
iron,  with  a  hole  in  it,  is  very  conspicuqua.  It  eLould  be  arranged 
BO  as  to  be  turned  to  face  each  station.  A  barrel,  fomcd  of  mus- 
lin Bewn  together  four  or  five  feet  long,  with  two  hoops  in  it  two 
feet  ajwirt,  and  its  loose  ends  sewn  to  the  signaJ-staff,  ivhich  passes 
through  it,  13  a  cheap  and  good  arrangement,  A  tuft  of  pine  boughs 
fastened  to  the  top  of  the  staff,  ivdl  be  well  seen  against  the  skj. 

In  sunshine,  a  number  of  pieces  of  tin  nailed  to  the  staff  at  dif- 
ferent angles,  will  be  very  conspicuous.  A  truncated  cone  of 
burnished  tin.  will  reflect  the  sun's  rays  to  the  eye  in  almost  every 
situation.  But  a  "heliotrope,"  wiiich  is  a  piece  of  looTdng-glass^ 
so  adjusted  as  to  reflect  tlie  sun  directly  to  auy  desired  point,  is 
the  most  perfect  arrangement. 

Fop  night  signals,  an  Argand  lamp  is  used ;  or,  best  of  all,  Drum, 
mond's  light,  produced  by  a  stream  of  oxygen  gas  directed  throtigli 
a  dame  of  alcohol  upon  a  ball  of  lime.  Its  distinctness  is  exceed- 
ingly increased  hj  a  parabolic  reflector  behind  it,  or  a  lens  in  front 
of  it.    Such  a  light  was  brilliantly  visible  at  66  miles  distance. 

<3Sj)  ObserTallons  of  the  Anglfs,  These  should  be  repeated 
as  often  as  possible.  In  extended  surveys,  three  sets,  of  ten  each., 
are  reeonnnended.  They  should  be  taten  on  different  parts  of  th« 
circle.  In  ordinary  surveys,  it  is  well  to  employ  the  method  of 
"  Traverang,"  Art.  (313).    In  long  sights,  the  state  of  the  atmo* 

'  To  determine  nt  n  ■iniioii  A, 

wll'flhi-f  iU  •igiijil  can  lie  »octt 
fnira  B,  iirojfcicd  ogaiMl  lUo 
tky  (IT  not,  mt-iU'irc  ihe  vertitol 
■ngWs  BAZ  nuJ  ZAC.  If  ilwir 
*iiin  eq^uaU  ur  «csedt  180*,  A 
will  be  iLiJi  M*ii  frum  B.  If 
not,  the  *i?nBl  al  A  muil  lie  raid 
•d  tiil  tliii  aao)  rnna]*  ISQ'- 
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phete  has  a  vary  remarkablo  effect  on  both  the  visibility  of  tha 
signala,  and  on  the  correctacss  of  the  observatiooa, 

Wliea  many  angles  are  taken  from  one  station,  it  is  important  tg- 
record  thorn  bj  some  uniform  fijatom.  The  fu-rm  given  below  is 
coQveuient.  It  "will  be  noticed  that  only  the  minutes  and  seconds 
of  the  second  vemier  arc  employed,  th&  dogreea  bciug  all  taken 
from  tha  ^t. 


Ohservationt  at 


BTiTmS 

iiiuiir  uit  Lt.  r 

 ifl 

<]EaEriirEf>  TO 

FKUKItn  A. 

YIK..1IEH  B. 

tLRiitil  Ml. 

prtECF.n'o  obj't. 

A 

TO*  ID'  C" 

Iff  ^U" 

70"  13'  M" 

B 

103"  32'  20" 

32'  40" 

103'  Sa*  30" 

B. 

c 

lirj'  14'  20" 

14'  50" 

115°  14'  X." 

R. 

When  the  aaglea  are  "repeated,"  Art.  (370),  the  multiple 
area  will  be  rcgistereJ  under  each  other,  and  the  meau  of  the 
seconds  sheirii  by  all  ths  verniers  at  the  first  a-nd  last  readin^a  be 
adopted. 


(386)  Rcduclion  to  tlio  ccnlre.  It  is  ofku  impossible  to  aet 
tho  inatraraent  preeisciy  at  or  uader  the  eigaal  which  has  been 
observed.    In  6uch  cases  pro-  *''S-  sci. 

cccd  thus.  Let  G  bo  the  Cfia> 
tre  of  the  signal,  and  RCL  thci 
desired  angle,  R  being  the  right 
haiiil  object  ind  L  tiie  left  hand 
fine.  Set  the  instrument  at  D, 
RS  near  as  possible  to  C,  and  measure  tbo  angle  RDL,  It  may  be 
IftflS  than  RCL,  op  greater  than  it,  or  eqaal  to  it,  according  a.s  D 
lies  without  the  circle  passing  through  C,  L  and  R,  or  within  it,  or  in 
its  ctrcunifcrcnee,  The  instrument  aliould  be  det  aa  nearlj^  as  poa- 
sible  in  this  last  position.  To  fiiid  the  proper  correction  for  the 
obaervcd  angle,  obaervo  also  the  angl.i>  LDC,  (called  the  fcnglc  of 
'  direction),  counting  it  from  0^  to  360',  going  from  the  left-hand 
object  toward  the  3cft;  and  tn^asnre  the  dtstinco  DC.  Calculatu 
the  digtaaeea  CR  and  CL  with  tlio  angle  RDL  ioatedd  of  BCL, 
Bince  they  art}  sufficiently  nearly  equal.  Then 
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RCL  =  RBL  + 


CD .  Bin.  {RDL  +  LDC>      CD .  bid.  LDC, 


CB.fiitt.  1"  UL-bIu.1" 
■  The  last  two  tenna  will  be  the  number  of  seconds  to  be  added 
or  subtracted.  The  Trigopo metrical  Bigus  of  the  sines  must  bo 
attended  to.  The  log,  sin.  1"  =4. Instead  of  diriding 
by  sin,  1'','  the  cowcction  without  it,  ijliioh  wUl  be  ft  verj  small 
O'action,  maj  bc  reduced  to  seconds  by  multiplying  it  by 

£j^ample.  Let  KDL  =  32^  20'18".06 ;  LDC ^  101"  W  32"  A ; 
CP  =  0.9 ;  CR  =  35845.12 ;  CL  =  297S3.1.  ^ 

Tiie  first  terra  of  the  correction  wiE  be  +  S'^.ToO,  and  tlio 
secoad  term — li'MlS.  Therefore,  the  observed  anglo  RDL 
must  bo  dtminishcd  by  2".363,  to  Tcduco  it  to  the  desired  angle 
RCL. 

Iiluch  calculafnon  may  ba  saved  by  taking  the  station  D  go  that 
all  the  signals  to  be  observed  can  bo  seen  from  it.  Then  only  a 
einirlc  distance  and  anjle  of  direction  need  be  measured. 


It  may  also  happen  that  the  centre,  C^  of  the 
signal  cannot  be  seen  fi-om  D,  TliU3,  if  the  ^gnal 
be  &  solid  circular  tower,  set  the  Theodolite  at  D, 
and  turn  its  telescope  bo  that  its  line  of  sight  be- 
comes tangent  to  the  tower  at  T,  T' ;  measore  on 
tiiese  tangents  equal  distances  DE,  VF,  aad  direct 
the  telescope  to  the  middle,  G,  of  the  line  EF.  It 
Tvil)  then  point  to  tbo  centre,  C;  and  the  distance  DC  vriD  equal 
the  dii^tance  from.  D  to  the  tower  plus  the  radius  obtained  by  mea- 
suring ihfl  eircumfereace. 

If  the  signa'  be  rectangular,  measure  DE,  DF. 
Tate  any  point  G  on  DE,  and  on  DF  set  off  DII 

=       KIT"    Then  is  GH  parallel  to  EF,  (since 

DG  :  DII ::  DE  :  DF)  and  the  telescope  directed 
to  its  middle,  K,  ivUl  point  to  the  middle  of  the 

DE 


diasonal  EF.    We  shall  also  have  DC  =  DK 


DU" 


Any  auch  case  may  be  solved  by  similar  methods. 


*  For  ib^  lartilig Alien,  iM  AjtpeaJiz  B. 
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Tlie  "Phag$"  oF  objects  U  Uio  effect  produced  by  the  §uc 
ehining  on  only  one  8ide  of  tlieaij  bo  tliat  the  telescope  irilU  be 
directed  from  a,  distant  station  to  tho  middlo  of  that  bright  side 
instead  of  to  tha  true,  c^titre.  It  is  a  source  of  error  to  be  guarded 
agaiust.   Its  effect  may  however  be  calculated. 

(387)  CorrcctlOD  of  tllC  anglfs.  When  all  the  anglas  of  any 
triangle  can  be  observed,  their  sum  should  equal  180.'  If  not  they 
jaast  be  corrected.  If  all  the  obaorvations  are  considered  equally 
nocur&te,  one-third  of  thft  difference  of  their  sum  from  1 80°,  is  to  be 
ad-ctod  to-,  or  8ubti*aeted  from,  each  of  tlietu.  But  if  the  nnglea  are 
the  means  of  unequal  numbei-a  of  observations,  their  errors  may  be 
considered  to  be  inversely  as  those  nuiabera,  and  tliey  may  hci  cor- 
rected hy  this  proportion  ;  As  the  sum  of  the  reciprocals  of  each 
of  ilie  three  mimbera  of  obgcrvationa  Is  to  the  whole  error,  So  ix 
the  reciprocal  of  tho  uumber  of  observations  of  one  of  the  angles 
To  its  copreetion.  Thus  if  one  angle  was  the  mean  of  three  obser- 
vations, another  of  four,  and  the  third  of  ten,  and  the  sum  of  all  tho 
angles  was  180°  3',  the  first  named  an^le  must  be  dimiiJshed  by 
tho  fourth  term  of  this  proportion;  ^  +  i  +  ro  ^  ^'  "  i  ■  1'  27".8. 
Tbe  second  angle  must  ia  like  manner  be  diminished  by  1'  5".  9  ; 
and  tho  third  by  2G".S.    Their  corrected  sum  ivilt  tl>eti  be  180', 

It  is  still  more  accurate  but  laborious,  to  apportion  the  total 
error,  or  difference  from  ISO",  among  the  angles  inversely  as  tlie 
«  Weiifhtif;'  explained  in  Art.  (369).  On  the  U.  S.  Coast  Survey,  in 
si.*:  triangles  measured  in  IS-l-t  by  Prof.  Baclie,  the  grcaiegt  error 
was  six-tentha  cf  a  second. 

(388)  Calculation  anl  plaltiftff.  The  lengths  of  the  sides  of 
the  triangles  should  be  calculated  with  extreme  accuracy,  in  two 
ways  if  possible,  and  by  at  least  two  persons.  Plane  Trigonometry 
may  ho  U3cd  for  even  large  surveys  :  for,  though  these  sides  are 
really  arcs  and  not  straight  lines,  the  difference  will  be  onlj  on.i>- 

*  ir  ihc  IrluuslM  were  vryy  Im-jp,  ihoy  wifuM  hava  tn  he  repirJ^d  bm  apbericAl, 
Kiid  tli(>  iiiir  nf  \\\fie  miglFc  wuiilJ  bs  more  iliaii  JSO^- ;  Uiii  Ihii  ■'  «[ibprit.'B.I  eK 
wm"  w.mlJ  lio  only  1"  fi>r  n  Irinuglo  eoudiiiiiiij;  7l!  srinnre  rnile*.  I'  fur  45CM) 
tr^auro  luil'-ii,  &c.i  Hiid  muy  tberEforu  bo  ucglvctt^il  ia  ull  urillnary  jurvey ing  ojie> 
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tw«iatietb  of  a  foot  ill  a  distance  of  11^  milca ;  half  a  foot  in  23 
miles ;  a  foot  in  34§  miks,  &c. 

The  platting  b  most  correctly  done  bj  constractiu^  the  triangles, 
as  in  Art  (90),  hy  meaaa  of  the  calculated  lensths  of  their  sidea. 
If  the  measured  OQglea  ore  platted,  the  best  method  Is  that  of 
chord.3,  Art.  (t75).  If  man;  triangles  are  success vely  based  on 
one  aoother,  they  will  be  platted  toost  aecaratelj,  bj  referring  all 
their  sides  to  some  one  meridian  liae  hy  means  of  "  llectangulai-  Co- 
ordinates," the  Jlcthod  of  Art.  (•),  and  platting  as  in  Art.  (277  ) 
In  the  siirvej  of  a  coaatrj,  this  Meridian  would  be  the  true  North 
and  Sa;ith  line  passing  tlirough  some  well  determined  point. 

<3S9)  Base  of  VcriQcalioQ.  i\3  tuctttioned  in  Art.  (380),  a 
side  of  the  last  tiiangle  is  &o  located  tJiat  it  can  be  measured,  aa 
was  the  Erst  base,  If  the  Pleasured  and  calculated  leugUis  agree, 
this  proTcs  the  accoracj  of  all  the  previous  work  of  measurement 
^d  calc*ilatioL,  since  the  whole  is  a  chain  of  which  thig  ia  the  last 
link,  and  any  error  in  any  previous  part  would  affect  the  very  last 
lioe,  except  by  same  improbable  compensatioa.  How  near  the 
agreement  shouldbe,  will  depend  Ou  the  nicety  desired  and  attained 
in  the  previous  operations.  Two  lases  60  miles  distant  difiVrcd 
on  one  great  English  survey  28  inches;  on  another  one  inch;  and 
on  a  French  Iriangolation  e.\tendlng  over  500  miles,  the  differeiiee 
was  lesa  than  two  feet.  Besultd  of  equal  or  greater  acvuracy  are 
obtained  oa  the  U.  S.  Coaat  Survey. 

(390)  lalcrior  filling  up.  The  etations  wlio90  positious  have 
been  determined  by  the  trianguJatiua  are  eo  maiiy  fixed  points, 
from  which  taore  minute  surveys  may  start  and  interpolate  any 
other  potato.  The  Trigonometrical  points  arc  like  the  observed 
Latitudes  and  Longitudes  iivhich  the  mariner  obtiuna  at  every  oppor- 
tunity, 80  aa  to  take  a  new  departtire  from  them  and  determine 
his  coarse  in  the  Intervals  by  the  less  precise  metboUa  of  liis  com- 
pass and  log.  The  chief  interior  po'mts  may  bo  obtained  by  "  Se- 
condary Triangulation,"  and  the  mmor  details  be  then  filled  in  by 
any  of  the  methods  of  sun-eying,  with  Chain,  Corapaaa,  or  Transit, 
already  explained,  or  by  the  Plane  Table^  described  in  Part  Vm. 
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With  the  Transit,  or  Thpodolitej  "  Traversing"  ia  the  beat  mode  of 
sarveying,  the  instrument  being  set  at  zero,  and  being  then 
directed  from  one  of  the  Trigonometrical  points  to  another,  which 
line  therefore  becomes  tlic  "  Meridian"  of  that  Burvej.  On  reach- 
ing this  second  pomt,  in  the  course  of  the  siirvcj,  and  sighting  back 
to  the  firat,  the  reading  should  of  courae  be  0',  as  explained  in 
Art.  (S77>. 

(391)  Radiating  Triangula  lion  •    This  name  maj  be  ^ren  to 

a  method  shoim  in  the  figure.    Choose  rig.  56S. 

a  conspicuous  point,  O,  nearl_y  in  tho 
centre  of  tho  field  or  fann  to  bo  sur- 
veyed. Find  other  points,  A,  B,  C, 
D,  &c.  Buch  that  the  signul  at  O  can  he 
seen  from  all  of  them,  and  tliat  tlio  tri- 
angles ABO,  BCOj  &c,  shall  bo  as 
nearly  equilateral  as  poaaible,  Meiv 
sure  one  aide,  AB  for  example.  At  A 
measure  the  angles  CAB,  and  OAG;  at 
B  measure  the  angles  OBA  and  OBC ;  and  bo  on,  around  the 
polygon.  Tho  correctness  of  these  measurements  may  bo  tested 
by  the  sum  of  the  angles,  as  in  Art.  (377)  >  It  may  also  to  tested 
by  tho  Trigonometrical  principle  that  tho  product  of  the  sines  of 
every  alternate  angle,  or  the  odd  numbers  in  the  figure,  sliould 
equal  tlie  product  of  the  sinca  of  the  remaining  angles^  the  even 
uumbera  in  the  figure.* 

The  cfJculations  of  the  unknomi  sides  are  rcaddy  made.  In  the 
triangle  ABO,  one  aide  and  all  the  angles  are  given  to  find  AO 
and  BO.  In  tho  triangle  BCO,  BO  and  all  the  angles  are  given  to 
Gnd  BC  and  CO ;  and  bo  with  the  rest.  Another  proof  of  the 
accuracy  of  the  work  irill  be  given  by  tho  calculation  of  the  length 
of  t!ie  Bide  AO  m  the  last  triangle,  agreeing  i>'ith  its  length  as 
obtained  in  tho  first  triangle. 

(392)  Farm  Triangulalioii,  A  Farm  or  Field  may  be  9ursej&d 
by  the  previous  methods,  but  the  following  plan  will  often  be  mope 

Far  tha  dt^moaiinilioni  ceo  AppeadU  D. 
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convenient.  Choose  a  t>ase,  as  X  Y ,  wittin  t"ig.2G0. 
the  field,  and  from  it^  ends  ineasure  the 
angles  between  it  and  tlic  direction  of 
each  corner  of  tlie  field,  if  tlie  Theodo 
lite  or  Transit  l>e  used,  or  take  the 
bearing  of  each,  if  the  Compass  be  uBcd. 
Consider  firat'  the  trianglea  ■nluch  have 
ST  for  a  base,  and  the  comers  of  the  field,  A,  B,  C,  &c.,  for 
Terticea.  In  each  of  them  one  side  and  the  angles  will  he  known  to 
find  the  other  sides,  XjI,  XB,  &c.  Then  consider  the  field  aa 
made  up  of  triajiglca  which  have  their  vertices  X.  In  each  of 
them  two  sides  and  the  included  angle  will  be  given  to  find  its 
content,  as  in  Art.  (65).  If  Y  be  then  talcen  for  the  common 
vertex,  a  teat  of  the  former  work  will  be  obtained. 

The  operation  will  be  somcivbat  simplified  by  taking  for  the  base 
line  ft  diagonal  of  the  field,  or  one  of  its  sides. 


(393)  Inaccessible  Areas-  A  field  or  farm  may  he  survejed, 
hj  this  "  Fourth  Jlethod,"  without  entering  270. 
it.  Choose  a  base  line  XT^  from  -which  all 
the  comera  of  the  field  can  be  seen.  Take 
their  Bearings,  or  tho  anglea  between  the 
Ease  Una  and  their  directions.  The  dis- 
tances from  X  and  Y  to  ea«h  of  thorn  can 
he  calculated  as  in  the  last  article.  The 
figure  will  tUen  shew  ia  what  manner  the 
content  of  the  field  is  the  difierence  hotween 
the  contenta  of  the  triangles,  having  X  (or  Y)  for  a  vertex,  which 
lie  outside  of  it,  and  those  which  lie  partly  wilhia  the  field  and  partlj 
cutslde  of  it.  Their  contenta  can  he  calculated  aa  in  the  last  article, 
and  tbeir  difference  will  be  the  desired  content.  J£  tho  figtiie  bo 
regarded  aa  generated  by  the  revolution  of  a  line  one  end  of  which  is  at 
X,  while  its  other  ead  passes  along  the  boundaries  of  the  field,  short- 
ening and  lengthening  accordingly,  and  if  those  triangles  generated 
by  its  movement  in  otic  direction  be  called  pUis  and  those  generated 
by  the  contrary  movement  be  called  nums,  their  alg-ebme  sum 
will  be  tho  content. 
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(394)  luTfrsioQ  or  the  Fonrtb  nietbod.  In  all  Uie  opcnu 
tions  wliich  liive  been  esplameJ,  tlic  posltiou  of  a  point  has  been 
(leterimnctl,  a&  in  Art.  (8),  by  taking  tie  angles,  or  bearings,  of 
two  lines  passing  from  the  two  ends  of  a  Base  lino  to  the  unknown 
point.  But  tlio  same  det^jrminatioTi  maj  be  effected  inverselj,  \iy 
taking  firom  the  point  tlie  bearings,  bj  compass,  of  tlic  two  ends  of 
the  Base  line,  or  of  any  two  known  points.  The  uatnown  point 
will  then  be  Escd  b/  platting  from  the  two  knoffn  points  the  ojjpo- 
lite  bearings,  for  it  will  be  at  the  latcracction  of  the  lines  Lhua 
determined. 

(395)  Defects  of  tbe  Itlclbod  of  Intersection.  The  determi- 
nation of  a  point  by  the  Fourth  Method  (enunciated  in  Art^  (8), 
and  deTfibpod  in  this  Part)  founded  on  the  intersection  of  lines, 
ho£  the  serious  defect  that  the  point  sighted  to  ivill  bo  very  indefi- 
nitely determined  if  tbe  lines  which  fix  it  meet  at  a  very  acute  or 
a  very  obtuse  angle,  which  the  relative  positions  of  the  points  observed 
from  and  to,  often  render  unavoidable.  Intersections  at  right 
Bugles  should  therefore  be  sought  for,  ao  far  as  other  conaderatioua 
inll  permit. 


TRILINEAR  SURVEYING; 

Bn  tlie  Fifth  3Iethad. 

(39fi>  Trilinear  Subveyino  is  founded  on  the  Fiflh  Method  &f 
determining  Ihe  pOiition  of  ft  point,  hj  measunug  tlie  angles  betnen 
three  linea  conceived  to  pass  from  the  required  point  to  three 
known  [joints,  as  iiUuatrated  in  Art.  (10). 

To  fix  the  place  of  the  point  from  these  data  is  biach  more  diffi- 
cult than  in  the  preceding  methods,  tuid  is  koovra  as  the  "  Problem  of 
the  three  pointa."  It  will  lo  here  solved  Geometricallj,  Inatru- 
mentall;  and  Aniljticallj. 

CS97)  Geometrical  SolatlAii.  Let  A.  B  tmd  C  be  the  Icnoini 

Fig.  ITT  1. 


f 


otjecla  observed  from  S,  the  angles  ASB  and  BSC  being  thert 
measured.  To  fix  this  point,  S,  on  the  plat  coDt^ing  A,  B  and 
C,  draw  lines  from  A  and  B,  making  angles  nvith  AB  each  equal 
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to  90° — ASB.  The  interetc^on  of  these  Knea  at  O  wiU  be  tho 
c«Titre  of  a  circle  passing  tlirougli  A  ami  B,  in  the  circiitnferenee 
of  which  the  point  S  will  be  situated."  Describe  ibis  circle.  Also, 
draw  lines  from  B  unil  C,  maldng  angles  with  BC,  each  equal  to 
90° — BSC.  Their  interseetion,  O',  will  be  the  centre  of  a  clrcla 
passing  through  B  and  C.  The  point  S  will  lie  epmcwhere  in  its 
circmnfereuce,  and  therefore  in  Ita  intersection  with  the  former 
clrcomTerenee.    Tlie  point  is  thus  determined. 

In  the  figure  the  obaerved  angles,  ASB  and  BSC,  are  supposed 
to  have  been  respectively  40*  and  60".  The  angles  feet  off  are 
therefore  50"  a«d  30°.  The  central  angles  aje  consequently  80" 
and  120',  twice  the  oiserved  angl&a. 

The  dotted  lines  refer  to  the  cheeis  esplained  in  the  latter  part 
of  this  article. 

"Wlen  one  of  the  angles  is  obtuse,  set  off  its  difference  from  90' 
on  the  opposite  side  of  the  line  jouiing  tho  two  objects  to  that  ou 
which  the  point  of  observation  lies. 

When  the  an^le  ABC  is  equal  to  the  supplement  of  the  sum  of 
the  observed  angles,  the^  position  of  the  point  will  be  iuJe  terminate ; 
for  the  two  centres  ohtained  will  coincide,  and  the  circle  described 
from  this  common  centre  will  pass  through  the  three  pointa,  and 
any  point  of  the  cu-cumferenco  will  fulfil  the  conditions  of  tho  prob- 
lem. 

A  third  angle,  between  one  of  the  three  points  and  a  fourth 
point,  ahoidd  always  be  observed  if  poss-ible,  and  used  like  tJie 
others,  to  serve  as  a  check. 

Many  testa  of  the  correctness  of  the  position  of  the  point  detei^ 
mined  may  be  employed.  The  simplest  one  is  tint  the  centres  of 
the  circles,  O  and  0',8houId  lie  in  the  perpendiculars  dravtn  through 
tho  middle  points  of  the  linos  AB  and  BC. 

Another  is  that  the  line  BS  should  be  bisected  perpendiciilarSy 
by  the  line  00'. 

A  third  check  is  obtained  by  drawing  at  A  and  C  perpendiculars 
to  AB  and  CB,  and  producing  them  to  meet  BO  and  BO'  produoedj 

*Vt>r,  tks  Bro  AB  mcftsflres ihB  anolo  AOS  nt  Ihe  coniw^  wliieh  ungle  —  180* 

_2(90o  ASB)  =  2ASB.    Ttierplore,  any  anple  iiiacriLed  in  ilio  ciicumfec 

coco  aiid  mciuuii'iJ  by  tho  Eame  arc  ii  equal  lu  ASB 
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in  D  and  E.  The  line  DE  shoiild  pass  through  S;  for,  the  angles 
BSD  and  BSE  being  right  angles,  the  lines  DS  and  SE  forok  one 
Btnugbt  line. 

The  figure  sliew3  tlieso  three  cliecka  by  its  dotted  Unea, 

(39S)  [nstramcaCal  SolatioQ.  The  preceding  process  is  tedious 
vhere  manj*  stations  are  to  ha  determined.  The;  can  be  more 
readily  foimd  bj  an  instrument  called  a  StaCion-pmnter,  Or  ChoTO- 
ffntph.  It  consist  of  three  arms,  or  Straight-edges,  tunung  about 
a  common  centre,  and  capable  of  being  set  so  na  to  make  nith  each 
Other  any  angks  desired.  This  is  cffiiCtcd  by  m^atis  of  graduated 
arcs  carried  on  their  ends,  or  by  taking  off  Trith  their  points  (as 
with  a  pair  of  dividers)  the  proper  diatanoe  from  a  scale  of  chords 
(3c«  Art.  (271))  comtructed  to  a  radius  of  their  length.  Being 
thus  set  BO  as  to  mate  the  two  observed  angles,  the  instmmcat  is 
laid  on  a  map  containing  the  three  gtren  jrO'ints,  and  t3  turned 
aboat  till  the  three  edges  pftss  through  these  points.  Thea 
their  centre  is  at  the  place  of  tite  station,  for  the  three  points  there 
■Biibtend  On  the  paper  the  anglca  observed  in  the  field. 

X  simple  and  useful  substitute  is  a  piece  of  transpai'ent  paper, 
Cr  ground  glasa,  On  which  three  lines  may  be  drawn  at  the  proper 
augles  and  moved  ab<>ut  oq  the  paper  as  before. 

(399)  inalrlical  Solnllon.  The  distances  of  the  required 
pouit  from  each  of  the  known  points  may  be  obtained  analytically. 
Lot  AB  =  ^;  BC  =  ABC  =  B;  ASB  =  S;  BSC  =  S'.  Also, 
make  T  =  SeO"  — S— S'— B.  Let  BAS  =  U;  BC3  =  V. 
Then  we  shall  have  (as  mil  be  Bhemi  in  Appendix  B) 

Cot.g  =  cot.T(     '.-f^'  + 

\a  .  Em.  o  .  C08.  X  / 

V  =  T  — U 

™     c  .  fiin.  U  a  .  8m.  V 


gj^  _  "  -  6'"-  ABS  _a  ■  sip.  CBS 

sin.  S  an.  S' 


TRILINEAR  CntTETIKG. 


[past  ti 


Attention  must  bo  given  to  the  algebraic  slgna  of  the  trigonome- 
trical functions. 

Example.  ASB  =  33=  45' ;  BSC  =  22°  SO';  AB  =  600  feet ; 
BC  =  400  feet ;  AC  =  80O  feet.  Roquired  the  distances  and 
directions  of  the  point  S  from  eaoh  of  tbo  stations. 

In  the  triangle  ABC,  the  three  siJea  being  known,  the  angle 
ABC  ia  found  to  be  104°  28'  39".  The  fomula  then  gives  the 
angle  EAS  =  Tj  =  105"  S'  10"  ;  whence  BCS  ia  found  to  be  94' 
8'  11" ;  and  SB  =  1042.51  J  SA  ^  710.193  ;  and  SC  =  934.291. 

(iftO)  maritime  SurTejln^.  The  chief  application  of  the  Tri- 
linear  Jlethod  is  to  Maritime  or  Si/drographical  Surveying,  the 
object  of  which  ia  to  fix  the  positions  of  the  deep  and  shallow  points 
in  harbors,  rivora,  &c,,  and  thua  to  diaeover  and  record  the  shoals, 
rockfl,  channels  and  other  important  features  of  the  locality.  To 
effect  this,  a  series  of  signals  are  established  on  the  neighboring 
shore,  any  tliree  of  which  may  ho  represented  by  our  points  A^B,  C- 
They  are  observed  to  from  a  boat,  by  means  of  a  sextant,  and  tlie 
position  of  the  boat  ia  thus  fixed  as  just  shewn.  Tho  hoat  is  theu 
rowed  ia  any  desired  direction,  and  soundiogs  are  taken  at  reguloi 
iutfirvab,  till  it  is  found  convenient  to  the  new  position  of  tie 
boat  as  before.  The  precise  point  Tvhere  each  soiin«ling  was  taken 
icaQ  now  be  platted  on  the  map  or  chart.  A  repetition  of  this  pro- 
•cesB  will  determine  the  d^ptlia  and  the  places  of  each  point  of  the 


PART  VII 


OBSTACLES  IN  At*tGULAR  SURVEYING. 

(401)  ol>3tiicle3,  Euch  od  trees,  houses,  hills,  vollies,  mei9, 
itc.,  wliich  prevent  the  direct  al'mement  or  measuTeincnt  of  any 
desireJ  course,  can  be  orercomfl  much  more  easily  and  precisely 
(vith  any  angiiUr  instrument  than  with  the  clijun,  inethocia  for  using 
which  were  explained  in  Part  II,  Chapter  V.  Tliey  will  however 
be  taken  up  in  the  same  order.'  As  before,  the  given  and  measured 
liaea  are  drawn  irith  fin&  full  lines ;  the  visual  lines  with  hrolten 
lines ;  and  the  lines  of  the  result  with  heavy  full  Unee. 


CHAPTER  I. 

PERPENDICULARS  A\I>  PARALLELS. 

(408)  Ertcting'  Perpcndlcniars.  To  erect  a  perpendicular  ta 
a  line  at  a  given  point,  set  the  instrument  at  the  girea  point,  and, 
if  it  be  a  Compass^  direct  its  sights  on  the  line,  and  then  turn  tiiem 
till  t!ie  new  Bearing  differs  90°  from  th<i  original  one,  as  esplained 
in  Art.  (2JS).  A  convenient  approHmatipn  is  lo  file  notches  in 
the  Composs-plftte,  at  the  90°  points,  and  stretch  over  them  a  thread, 
sighting  across  wliich  will  give  a  perpendicular  to  tlie  direction  of 
the  fiighla. 

The  Transit  or  Theodolite  being  set  as  atoTe,  note  the  reading 
of  the  Yemier  and  then  turn  it  till  the  now  reading  Is  90°  more  « 
lc33  than  tho  former  one. 


Tbo  DerOonBliftdnrs  of  the  Problemji  wliicli  require  ibpin,  and  from  whldi 

they  can  conreuienil^  bo  ■eparnt'cd,  will  be  foanJ  ia  JLppc  <ix  B. 
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(40S)  creci  a  perptnditular  to  an  inacc^ssibh  linej  at  a 
given  point  of  it.    Let  AB  be  the  lino  Fig.  375. 

and  A  die  point.  Calculate  the  distance 
&om  A  to  any  point  C,  and  the  angle 
CAB,  by  the  method  of  Art,  (130) .  Set 
the  instrument  at  C,  sl^bt  to  A,  turn  on 
angle  =  CAB,  and  measure  in  the  direc- 
tion thus  obtained  a  distance  CP  =  CA .  cos.  CAB. 
the  re^^i^red  perpendicular. 


L  JC 

PA  TTiU  bo 


(404)  Letting  Tall  pcrpcndicoJars.  To  let  fall  a  perpendi- 
euJar  (o  a  line  from  a  giiven  pornt.  With  the  Compass^  take  the 
Bearing  of  (ha  given  Imo  and  then  from  the  ^ven  poiat  ruQ  a.  Hue. 
with  a  Bearing  differing  90'  from  the  original  Bearing,  till  it  reachea 
tlie  given  line. 

TVitli  the  Trajisit  or  Theodolite,  set  it  at  any  point  of  the  given 
line,  aa  A,  and  observe  the  angle  between  this 
line  and  a  Hue  thence  to  tbe  ^ven  point, 
P.  Then  set  at  P,  sight  to  the  former  posi- 
tion of  the  instrument,  and  turn  a  number  of 
degrees  oc[ual  to-  ivhat  the  observed  angle  at 
A  Tvanted  of  90".  The  instrument  vrill  then 
point  in  the  direction  of  the  required  perpendicular  PB. 


Fia.  273. 


B 


V 


(105)  To  let  fall  a  po'pmdkular  to  a  line  from  minacctttibla 


point.  Let  AB  be  the  line  and  P  the 
point.  Bleasure  the  angles  PAB,  and 
PBA.  Measure  AB.  The  angles  APC 
and  BPC  are  known,  being  the  comple- 
(nenta  of  the  analeg  meaanred.   Then  is 


AC=.AB 


tan.  APO 


tan.  APC  +  tan.  BPC 


I 


ciuF.  1.]  P^rpendicolars  and  Paraltels. 
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(J06)  To  let  fall  a  pirpeiidiiular  to  an  inacoessible  line  from 


a  given  point.  Let  C  be  tlie  point  and 
AB  the  Ibe.  CaJciilato  the  Migle  CAB 
b/  tbe  method  of  Art,  (430).  Set  the 
iufitrumeQE  at  C,  sight  to  A,  and  turn  an 
angle  =  90  —  CAB.  It  iriU  then  pint 
in  the  direction  of  the  required  perpenr 
dicular  CE. 


.  or: 


(107)  RannfD^  Parallels.  To  trate  a  line  through  a  given 
pQiiit  parallel  to  a  given  line.  With  the  Cdnyjoss,  take  the  Bear- 
ing of  the  giren  line,  and  then,  from  the  given  point,  run  a  line 
with  the  eamo  Bearing. 

With  the  Transit  or  Theodolite,  set  it  at  any  conyenient  ooint 
of  the  given  line,  as  A,  direct  ^''S'  27s. 

it  on  this  line,  and  note  tho  read-   — ^ 

ing.    Then  torn  the  vernier  till  \ 
the  crosa-bairs  bisect  the  given  \ 
point,  F.    Ta.ke  the  instrument  to        f  Q 
thia  point  and  sight  hack  to  the  former  station,  by  the  lower  motion, 
without  changing  the  reading.    Then  move  the  vcrmor  till  tho 
reading  is  oither  the  s^iQe  as  it        Avhcn  tie  teloscojx*  was  di- 
rected on  the  given  line,  or  is  180°  diffurcnt.    It  will  then  he  di- 
rec-tcd  (Ibrwiird  t>r  backward)  on  PQ,  a  jiarallcl  to  AB,  since;  eqnnl 
angles  linve  hc«n  mcnstircd  at  A  and  P.    The  mnnncr  of  reading 
t.hera  is  Bitnilar  to  the  method  of  "Traversing,"  Art^  (57S). 

(408)   To  traee  a  line  tJirough  a  given  point  parallel  to  an 
itiaeeiiaible  line.    Let  C  be  tho  given  Fig.C77. 
point,  and  AB  tho  inaccessible  line.  ^\  ^ 


Find  the  angle  GAB,  aa  in  Art.  (430). 
Set  the  inatrument  at  C,  direct  it  io  A, 


snd  then  turn  it  so  as  to  tDate  tin  angle  C  S 

■wlih  OA  eq^ual  to  tko  supplement  of  the  angle  CAB.  It  irill  thea 
pwiX  in  9  direcijTa,  CG,  parallel  to  A3. 
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CHAPTER  II. 


OBSTACLES  TO  AUIVE.11ENT. 

A.  To  PEOLOKQ  A  LINE. 

(409)  Tho  inatmment  being  set  at  the  farther  end  ofa  line,  and 
directed  back  to  its  beginning,  tlie  sights  of  the  CdmpasSj  if  tb&t 
be  used,  will  at  once  give  the  forward  direction  of  tlie  line.  They 
serve  the  purppse  of  the  rods  described  in  Art.  (IfiS).  A  dist^ini 
point  being  thus  obtained,  the  Compiksg  ig  taken  to  it  and  the  pn>- 
cess  repeated.  The  use  of  the  Transit  or  Theodolite^  for  thii 
purpose,  was  fully  explained  in  Art.  (S76). 

(410)  By  pcrpcndkBlars.  When  a  tree,  or  house,  obatrucdng 
the  line,  i?  met  with,  place  thq  instru-  fig.  27%. 

ment  at  a  point  B  of  the  line,  and  set 

cfftherea  pcrpendic«lar,to  C ;  setoff       °  ^ 
another  at  C  to  D,  a  tbird  at  D  to  E,  on 
making  DE  =  EC,  and  a  fourth  at     wlucli  last  will  "be  in  llie 
direction  of  AE  prolonged.    If  perpendiculars  cannot  be  cod- 
venientlj  used,  let  EC  and  DE  make  any  equal  angles  with 
the  line  AB,  so  aa  to  make  CD  porallol  to  it. 


(411)  By  an  (qnllatml  triangle.  Fig.  279. 

At  B,  turn  aside  from  the  lins  at  fto  ^  ^ 

angle  of  CO",  and  measure  aoine  con-  ^^K' 
venient  distance  BG.  At  C,  turn  60" 
in  the  contrary  direction,  and  mea-  o 
eurei  a.  distance  CD  =  BC.  ,  Thea  mil  D  be  a  point  in  tho  lino  AB 
prolonged.  At  D,  turn  60"  from  CD  prolonged,  £uid  the  aeif 
dirnjction  Ti'ill  be  in  the  line  of  AB  prolonged,  TLia  method  re 
qulies  the  measurcnieat  of  oae  angle  less  than  the  pr«cediDg. 


Obstacles  (o  Alineaieot. 


2SS 


(418)  Br  trUn^lallon.   Let  Fig  sro. 

AB  bo  Uie  line  to  be  proIoDged.  A 
ClioosQ  Bome  station  C,  vbeace 
can  be  seen  A,  B,  and  a  point 
bejond  the  olatacle.  Measure 
AB  and  the  angles  A  and  B,  of 
the  triangle  ABC,  and  thence  calculate  the  side  AC.  Set  the 
instrument  at  C,  and  measure  the  angle  ACD,  CD  being  anj  line 
irhicU  will  ckar  the  obstacle.  Let  £  he  the  desired  point  in  the 
lines  AB  and  CD  prolonged.  Then  in  the  triangle  ACE,  will  bo 
known  the  side  AC  and  its  including  angles,  whence  CE  can  be 
calculated.  Measure  the  reaultmg  distance  on  the  ground,  and 
its  extremity  will  be  the  desired  point  E.  Set  the  instniment  nt 
E,  sigiit  to  C,  and  turn  an  angle  equal  to  the  Bupplement  of  tho 
angle  AEC,  and  you  will  have  the  direction,  EF,  of  AB  prolonged 

(413)  Wben  the  line  to  be  proIoDged  Is  Inacces^bler  la 

this  case,  before  the  preceding  method  cm  be  applied,  it  will  bo 
Deccsaary  to  determine  the  lengths  of  the  Iinfls  AB  aad  AC,  and 
the  angle  A,  by  the  method  given  in  Art. 


(414)  To  prolong  a  lloe  wUb  only  an  angolar  Inslrnmciit. 

This  may  be  done  when  no  means  of  measuring  any  distance  can  be 
obtained.    Let  AB  be  the  line  pj^.  231. 
to  b&  prolonged.    Set  the  in-  C 
Btrunient  at  B  and  deflect  an- 
gles of  45°  in  the  directions  C  ^   Bv 

and  D,  Set  at  some  point,  C, 
«n  oiw  of  these  lines  and  deflect 
from  CB  45',  and  mark  the 
point  I>  where  this  direction  intersects  the  direction  BD.  Also,  st 
C,  deflect  90°  fromCB.  Then,  at  D,  deflect  90°  from  DB.  Th« 
intellections  of  these  last  directions  will  fix  a  point  E.  At  E 
deflect  135*  from  EC  or  ED,  and  a  line  KF,  in  the  direction  of 
Alt  will  be  obtained  and  may  be  continued.* 


"  Tbii  idgoiiioii*  cflniri«Tice  ii  iJiie  to  a  fDrnitr  siuJenl,  Mr.  R.  tinoj.  in  wboM 
limctice,  wbile  running  au  utr  liJic  fur  a  rattranili  llie  ueseasily  occatTpd. 
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B.  To  INTERPOLATB  POINTS  IN  A  LUTE. 

(lid)  Tlie  inatniment  being  set  at  one  end  of  a,  line  and  directed 
to  the  other,  intermediate  points  can  be  found  as  in  Art.  (177), 
ke.  If  a  valley  intervenea,  the  sights  of  the  Compas3,  (if  tha 
Compass-piate  be  very  carefully  kept  level  cniss-ways),  or  the  tele* 
6C0])G  of  the  Transit  or  Theodolite,  ans^rer  as  substitutes  for  the 
plumb-line  of  Art.  (179)- 

By  a  raudoin  line*  ^Vhcn  a  wood,  Idll,  or  other  obsta- 
cle, prevenia  one  end  of  the  line,  Z,  Fig.  aaa, 
frora  being  seeo  frcm  Uio  other,  A,  rm 
3.  random  line  AB  ivith  the  Compass  or  A 
Transit,  kc,  aa  neiirly  in  the  deaired 
direction  as  can  be  guessed,  till  you  arrive  opposite  the  point  2. 
Measure  the  error,  BZ,  at  right  anj^lea  to  AU,  as  aa  offset.  Multi- 
ply thi^errar  by  STyo^and  divide  the  product  by  the  distance  AB. 
The  quotient  will  be  tlie  degrees  and  decimal  parts  of  a  degree, 
contained  In  the  angle  BAZ.  Add  or  subtract  this  angle  io  or 
from  the  Bearing  or  reading  with  wliich  AC  ivas  run,  according  to 
the  side  on  which  the  error  was,  and  start  from  A,  with  thia  cor- 
rected Bearing  or  reading,  to  run  another  line,  which  will  eome  out 
at  Z,  if  no  error  has  been  committed.* 

Hxnmph.  A  random  line  was  run,  by  compaaa,  with  a  Bearing 
of  S.  80°  E.  At  20  chains'  distance  a  point  waa  reached  oppoate 
to  tho  deaired  poiat,  and  10  links  distant  from  it  on  its  right. 
Required  the  correct  Bearing. 

Ans.   By  the  d Je,  ^ '  =  0°.2865  =  17'.     The  cor- 

rect Bearing  is  therefore  S.  SO'  17'  E.  If  the  Transit  had  been 
uaed,  its  reading  would  have  been  changed  for  the  new  line  by  the 
Mjne  17'.  A  simple  diagram  of  the  case  will  at  onc&  shew  whether 
the  correedon  is  to  bo  added  to  the  original  Bearing  or  angle,  or 
ftubtracted  from  it. 

*  Tliii  ruin  i«  atibilaiitiAU;  Ueoticdl  with  thtt  of  Art  (319),  wliere  iu  reuoa  ii 
liven 


CHAP-  u.]  Obslacles  (o  Alfacment.  £85 

If  Trigonometrical  Tables  are  at  hand,  the  correction  Trill  bo 

•nrf 

more  preciaeljr  obtained  from  this  equation ;   Tan.  BAZ     — . 

In  thU  example,       =        =  Mo  =  taa.  17'/ 

The  57°.3  rule,  as  it  is  aomctimea  called,  may  be  rarionsly  modh- 
fied.  Thos,  multiply  the  error  by  86°,  and  divide  by  one  and  a  half 
times  the  distance ;  or,  to  get  the  correction  in  miautes,  multiply 
by  3438  and  divide  by  tbe  distance  ;  or,  if  the  error  is  given  in 
feet  and  the  distance  in  four-rod  cbfuna,  multiply  the  former  by  62 
■  and  diride  by  the  distance,  to  get  the  correction  in  minutes. 

The  correct  line  may  bo  ran  iritli  tlie  Bearing  of  the  random 
Tine,  by  turning  the  vernier  for  the  correction,  as  in  Art.  (312). 

(417)  By  LalllQdes  nnd  Dcpartnres.     When  Fij.sss. 
a  single  line,  aocb  aa  AB,  cannot  be  run  so  as  to  A 

tome  opposite  to  the  ^ven  point  Z,  proceed  thus,      I  ^ 

■with  the  Compass.  Run  any  number  of  zig-zag  !  ^i^^l 
courses,  AT3,  BC,  CD,  DZ,  in  any  convenient 
directioii,  so  as  at  last  to  arrive  at  the  desired  point. 
Calculate  th*  Latitude  and  Departure  of  each  of 
these  courses  and  take  their  aljeiraic  sums.  The 
Bom  of  the  Latitudes  trill  be  equal  to  AX,  a.nd  that 

of  the  Departures  to  XZ.  Then  isTan.  ZAX  =  ^  ;  "A 

i.  e.  the  algebraic  sum  of  the  Departnrca  divided 

by  the  algebraic  sum  of  the  Latitudes  b  ef^Mui  to  the  tangent  of 

the  Bearing." 

{118)  \Vhen  the  Transit  or  Theodolite  U  used,  any  line  may  be 
taken  as  a  Meridian,  i.  e.  aa  the  line  to  which,  the  following  linea 
are  refennd;  as  in  '*  Traversing,"  Art.  (3J3),  page  254,  all  tha 
succcsMve  lines  were  referred  to  the  firat  line.  In  the  figure,  on 
the  next  page,  the  same  lines  as  in  the  preceding  figure  are  reprft* 


Th«  lcn»ili  of  ilie  lino  A2  can  alto  bo  at  oncn  obiainr-d  lioeo  h  is  pqnal  lo 
the  eqiioPiO  rod  of  liie  Mim  of  ihe  isiusrei  of  AX  hdJ  XZ  i  or  lo  iho  Litimd* 
divideJ  by  Lhc  cotine  of  Georiug. 
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Bcnicd,  but  tliey  arc  referred  to  the  first  courae, 
AU,,  instead  of  to  the  Magnetic  Meridian  as 
before,  and  their  Latitudes  a.rc  measured  along 
its  produced  line,  and  its  Departures  perpcn- 
dicular  to  it.  As  before,  a  right-aB^Ied  triangle 
vill  be  fonned,  and  th&  angle  ZAY  nill  be 
the  angle  at  A  between  the  first  line  AE  and 
the  desired  lino  AZ. 

Thia  cietliod  of  opcrntioQ  has  tnany  useful  laf"' 
applications,  such     in  abtaiuing  data  f»r  running  Railroad  Curres, 
jcc,  and  the  student  should  master  it  thoroughly. 

Tho  dosired  an^lo  (mid  at  t1i&  aamo  titog  the  distiuice)  ca&  bd 
obtained,  appri>ximatelr,  iti  this  and  the  ptec^din^  case,  by  Suding 
in  a  Traverse  Table,  the  final  Latitude  and  Poparture  of  tlie  desired 
lino  (or  a  Latitude  and  DopaTturc  having  the  same  ratio)  and  the 
Bearing  and  Distance  corresponding  to  theaa  iviU  be  the  uiglA 
and  distance  desired. 


(419)  By  similar  Irianglcs.  2u 

Through  A  measure  any  line  CD. 
Take  a  point  E,  on  the  line  CB, 
beyoad  the  obstacle,  and  from.it  A 
Bet  off  a  parallel  lo  CD,  to  Bonis 
point,  F,  in  the  line  DB.  Measure 
EF,  CD,  and  CA.  Then  this  pro- 
portion, CD  :  CA  ::  EF  :  EG,  will  give  tho  diatanoe  EG,  from 
E  to  a  point  in  tho  line  AB.    So  for  other  points. 


Fi-.  286. 


(420)  By  Irlaognlallou,  ^^Tien 
obstacles  prevent  the  preceding  me- 
thods being  used,  if  a  point,  0,  can  bo 
found,  from  which  A  and  B  are  accessi- 
ble, measure  the  distances  CA,  CB, 
and  tho  angle  ACB,  and  thence  calculate  the  angle  CAB."  Then 
obscn'o  any  anglo  ACD,  beyond  the  -obstafle.  In  tJie  triangle 
ACD,  a  side  and  its  including  angles  are  known,  to  End  CD.  Meft> 
■ure  it,  and  a  point,  D,  in  the  desired  line,  will  bo  obtained. 


caa.  ui.]  Obstacles  to  Rleasnrtmciit. 
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CHAPTER  in. 


OBmCLES  Ttt  MEASPREIIEMT. 

A.  WheS  both  ESDS  of  the  LEffB  ABB  ACCESSIBLE. 

)  The  methods  given  in  the  ppecedlng  Chapter  for  prolong 
iiig  a  line  and  for  interpolating  points  in  it,  will  generally  give  tbo 
length  of  the  line  by  the  same  operation.  Thus,  in  !Fig.  278,  the 
inaccessible  distance  BE  ia  equal  to  CD  ;  in  Fig.  279,  BD  =  BO 
=  CD  ;  in  Fig.  280,  tlie  dbtance  BE  can  be  calcnlat-ed  from  the 
same  daU  as  CE;  in  Fig.  232,  AZ=  ^(AB'  +  BZ*)  ;  in  Fig. 
283,  AZ  =  -/(AX^*  +  XZ=)  ;  in  Fig.  284,  AZ  =  ■v/(AT*  + 

TZ=)  ;  ioFig.  28a,  AG  =  ^5i^A^Z^;  i„  Fig.  2S6,  the  tri- 

angle  ACD  will  give  the  distance  AD.  The  method  of  lAlitades 
and  Departures,  Arts.  (IIT)  and  (118),  b  very  generally  appli- 
cable.   Sc  ia  thfi  following. 


(422)  Bj  trlangttUlion.  LetAB  Fi«-287. 
be  the  inaccessible  dUtonc*.  From 
any  point,  C,  from  uliich  both  A  and 
D  are  accessible,  mcMure  CA,  CB, 
and  tho  angle  ACB.  Then  in  the 
triangle  ABC  two  sides  and  the  in- 
cluded angle  are  known  to  find  the 
eid»  AB.  If  all  the  angled  can  be  measured,  they  may  be  c<v- 
rcoted,  aa  in  Art.  (387).* 


(12S)  \  brok4?li  Base.  Wlken  tho  angle  C  ia  very  obtuse,  ib« 
preceding  problem  may  be  modiGed  as  follows.  Naming  the  linM 
as  is  usual  in  Trigonometry,  by  aniatl  letters  corresponding  to  the 


*  In  it  LI  figure,  and  fn)lnwin*i>(jr?.llie  bdj^Uf  point  -enrloded  in  a  dcolfl 
iiuIicBicB  tUc  place  at  nbicb  tbo  iiuimitieni  U  leL 
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capital  lotters  at  the  anglsa  to  wliict  thej  are  opposite,  and  letting 
K  =  the  number  of  minutes  in  the  eupplemeot  of  the  asgle  C,  we 

Fig.  283. 

    B 


ehall  have 


AB  =  ff  =  fl  +  6  —  0,000000042308  x 


o6K» 
a+b' 


This  formula  is  chieSy  used  in  the  case  of  what  la  called  in  Tri- 
augnlar  Surveying  "A  broken  Base;"  such  aa  above;  AC  ajid 
CB  heing  incasLired  and  forrauig  very  nearlj  a.  straight  line,  and 
the  length  of  AB  being  required. 

W  0.0{)000004230'8  =  2.6264222  —  10. 


(424)  By  angles  to  known  polnlst  The  length  of  a  line,  both 
ends  of  which  are  accessiblo,  may  ako  be  determined  hj  angles 
measured  at  ita  extremities  between  it  and  the  directions  of  two  or 
more  known  points.  But  as  the  methods  of  caletilatloQ  involve  sub- 
seq;uent  problemSj  they  will  be  postponed  to  Articles  (435),  (436) 
and  (437). 

B.    WhEH  one  end  op  the  line  13  INACCESSIBLE. 

(425)  By  perpfndiculars.  Many  of  the  methods  given  for 
the  chain,  in  Part  11,  Chapter  V,  may  be  still  more  advantageously 
employed  with  angular  instruments,  which  can  so  much  more  easily 
and  precisely  set  off  the  Perpendiculars  required  In  Articles  (I91)i 
(192),  (193),  kc. 


Fig.  aas. 


(426)  ny  equal  angles*   Let  AB 

be  the  inaccessible  line.  At  A  set  off  '^^  

AC,  perpendicular  to  AB,  and  as 
neaily  equal  to  it,  by  estimation,  as 
the  ground  will  permit.  At  C,  mea- 
sure the  angle  ACB,  and  turn  the 
Bights.,  or  vernier,  till  ACD  =  ACB. 
Find  the  point,  D,  at  the  interaectioDS  of  tie  lines  CD  and  BA  pr> 
dnced.    Thenis  AD=AB. 


OHIP.  III.] 
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(127)       Irian^ulation.    Measure  a  djatnnce  r:g.S9a. 
AO,  about  equal  to  AB.    Measure  the  angle*  at  AS. 
A  and  C,    Then  in  the  triangle  lUiC,  two  angles 
and  the  included  side  are  knomi,  to  find  another 

Bide,.^  =  AC^^. 

Bin.  AUU 

When  the  compass  Is  used,  the  angles  bclwcin  c  J 
the  lines  will  '\>s  deduced  from  their  respective 
Beftrings,  by  the  principles  of  Art,  (213), 

If  the  acgle  at  A  is  90%  AB  =  AC  .  taug.  ACB. 

If  A  =  30%  and  C  i=  45°,  then  AC  =  AE ;  but  lliia  posit.on 
could  not  Oftsily  Iio  obtained,  except  hy  tbe  use  of  the  Sextmt, 
a  reflecting  iusEruniL'iit,  uot  described  in  this  rolume. 


(138)  When  on«  point  cnQDOt  be  sern  rr9Di  ibc  other.— 


Clwwise  two  points,  C  and  D,  in  the  line 
of  A,  and  snch  that  from  C,  A  and  B  can 
be  geen»  and  from  D,  A  and  B.  Measure 
AC,  AD,  and  the  angles  C  and  t).  Then, 
in  the  triangle  BCD,  are  known  two  an- 
glea  and  thfl  included  side,  to  find  CB. 
Then,  in  the  triangle  ABC,  are  known 
two  aides  and  the  inelndeJ  angle,  to  find 
the  third  side,  AE. 


Fis.  331. 


(4?9>  To  (iud  ilie  di^tante  from  a  girca  point  lo  an  inaccrs- 

sible  liue<  in  fig-  275,  Art.  (10$),  the  required  distance  ia 
CE.  The  operations  theroin  directed  give  the  lino  CA  and  the 
angle  CAB,  or  CAE.   The  required  distance  CE  =  CA .  Bin.  CAE. 


It 
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C.  Who  botu  esds  of  tiib  line  abe  nrACcrasiBtK. 

Fig.  E33. 


'.B 

/"  'i 


-"7\ 


(•ISO)  CeDeral  Nclhod.  Let 

AB  be  the  inaccessible  line. 
Meoaure  any  co-nvenient  distance 
CD,  and  the  angles  ACD,  BCD, 
ADC,  BDC. 

Then,  in  the  triangle  CDA, 
two  angles  and  the  mcluded  side 
are  given,  to  find  CA.  In  the 
triangle  CDB,  two  angles  and  the 
inflluded  aide  are  given,  to  find 
CB.  Then,in  the  triangle  ABO, 
two  aides  and  the  included  angle 
are  given,  to  find  AB. 

The  worl:  raay  be  verified  by  taking  another  set  of  triaaglea, 
and  finding  All  from  the  triangle  ABD  instead  of  ABC. 

The  following  formulas  will  however ,  give  the  desired  diataacQ 
with  less  labor. 

TT  1  »  Tr       1.  ii_  1  ±       T-     sin.  ADO  .  sin.  CBD 

t  ind  an  anj;  e  K,  such  that  tanjj.  Ji  =  -: — :=r~^ — : —  ■ 

'  °         flio.  CAD  .  eia-  BOO 

Then  find  the  difference  of  the  unknown  aagles  in  the  triangla 
CAB  from  the  formula 
Tang.  I  (CjVB  — ABC)  =  tang.  (45=— K)  .  cot.  \  ACB. 
Then  is  CAB  =  ^  (CAB  —  ABC)  +  i  (CAB  +  ABC). 

1-1-    11      1  n      ni-,  sin.  UDC  .  sin.  ACB 
rinally,  AB  =  CD  ^. — — — — .    ^  ^ ,  . 

sin.  CBD  .  sin.  CAB 

^Example.  Let  CD  ^  7106.25  feet;  ACD  =  95=  17'  20"; 
CCD  =  61'  41'  50" ;  ADO  =  39°  38'  40" ;  BDC  =  78"  35'  10" ; 
required  AB. 

The  figure  la  constnicted  with  tbeae  data  oa  a  afiftle  of  5000  feel 
to  1  inch  =  1:60000. 

By  the  above  formulas,  K  is  found  to  bft  30"  26'  5 CAB  = 
113'  55'  87" ;  and  lastly  AB  =  6598.32. 

Both  the  methods  may  he  used  aa  mutual  checlcd  is  tjxj  ink' 
portont  case. 


OHAF.  m.]  Obstacles  to  IHeasnrcmcnl. 


If  the  lines  AB  and  CD  crosaed 
each  other,  as  in  Fig.  293,  instead  of 
being  situated  as  in  tlie  preceding 
figure,  Uie  eame  melhed  of  calcula- 
tion trauld  ftpplj. 


Fig.  £93. 


(471)  Problena*  To  measure  an  inacceatible  distance^  AB^ 
Kken  a  pointy  C,  in  ita  line  can  be  obtained.  Set  the  instrument 
at  a  point,  D,  from  which  A,  B  F'g. 
and  C  can  lie  Been,  and  measure 
the  angles  CDA  and  ADB. 
Measure  also  the  line  DC  and 
the  angle  C.  Then  in  tlie  tri- 
angle ACD  two  angles  and  tLe 
included  aide  are  ^ven  to  find 
AD.  In  the  tiiangle  DAB,  the  i) 
angle  DAB  ia  known,  (Toeing  ecjual  to  ACD-f  CDA),  and  AD 
having  been  found,  we  again  have  two  angles  and  the  included  sda 
to  find  AB. 


(432)  Problem.  To  measure  an  inacufttiUe  A'atance,  AB, 
whin,  ojUi/  one  jioliU,  C,  ean  be  found  from  u/Mch  both  endt  of  (/« 


Fig.  23j. 


Vine  can  ie  seen.  Consider  CA 
and  CB  as  distances  to  be  deter- 
mined, having  one  end  accessible. 
Detennine  them,  as  in  Art.  (127), 
by  choosing  a  point  D,  firom  which 
C  and  A  are  vistlc,  and  a  point  E 
from  wbleh  C  and  B  are  rbiblo. 
At  C  observe  the  angles DCA,ACB 
and  BCE.  Measure  the  distances  CD  and  CE.  Ohaerre  the 
angles -VDC  and  BEC.  Then  In  the  triangle  ADC,  two  angles  and 
the  included  side  are  given,  to  find  CA  ;  and  the  same  in  the  tri- 
angle CBE,  to  find  CB.  Laatljir,  in  the  triangle  ACB  two  udes 
and  the  included  loigle  are  Icsovn,  to  find  AB. 
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(433)  Problem!  To  meaiurc  an  hiaceeaihle  diatanee^  AB^ 
vyhen  no  point  can  he  found  from  which  the  two  ends  ean  be  seen 


Let  C  be  a  point  from  wfiicli  A  is 
visible,  and  D  a  point  from  whicli 
B  ia  visible,  atid  also  C.  Mcaaure 
CD.  Find  t!ie  distances  CA  and 
DB,  as  in  the  preceding  problem  ; 
1.  e.  cliooae  a  point  E,  from  wliich  A 
and  C  are  visible,  and  another 
point,  F,  from  uliicli  D  and  B  ara  visible,  treasure  EC  aiid  DF. 
Obsen-e  tlie  angles  AEC,  EGA,  BDF  and  DFB ;  and  at  the  same 
time  the  anglea  ACD  and  CDB,  for  the  subsequent  work.  Tben 
CA  and  DB  will  be  foiuid,  as  ivere  CA  and  CB  in  the  last  problem. 
Then  in  tlie  tnangle  CDB,  two  sides  and  the  includei  angle  an 
known  to  find  CB  and  tbe  angle  DCB  ;  and,  lastly,  in  the  triano;le 
ACB,  two  siJc3  and  the  included  angle  (the  difference  of  ACD 
and  DCB)  to  find  AB. 


(131)  Problem.  To  Juterpolate  a  Base* 

eljccti,  A,  E,  C,  D,  hdn(f  in  a  right 
line,  and  visible  from  onhj  one  point, 
Et  it  18  required  to  determine  the  dis- 
tance letween  the  middle  points,  E 
and  C,  the  exterior  distances,  AB 
and  CD,  leinff  knoum. 

Let  AB  =  a,  CD  =  J,  BC  =  I ; 
AEB=P,  AEC^Q,  AED  =  R. 

Calculate  an  auxiliary  angle,  K,  such  that 

4ah        &in-  Q  .  sin.  (K  —  V) 


Foitr  inaccestiblt 

Fig,  237. 


Theni8;.=^'^^J±-  ^. 


(a  — '  sia-P  -aiii.  ^11— Q>' 
a  —  h 


Of  the  tiro  valuea  of  z,  th«  positiTe  ono  13  alone  to  be  taken. 

Thifi  problem  la  used  in  TriaaguJaT  Suryejing  Then  a  portii>n  of 
a  Baee  line  p&asea  over  water,  &e. 


OKAP.  in.] 


(135)  Problem.  G-hcn  the  aught  ohservcd,  at  the  ends  of  a 
line  xchidi  cannot  be  nieagured,  between  it  and  the  einls  of  a  line 

knou-n  length  hut  inacccxfiiicy  required  the  lenfjth  of  tlte  former 
line.  Tlib  Problem  is  the  converse  of  that  givoa  m  Art.  (480). 
It3  figure,  292j  may  represent  the  case,  if  tho  distance  AB  be 
reganlcil  as  knovni  aaii  CD  aa  tliat  to  be  found.  Use  the  first  and 
second  formulas  as  before,  and  invert  tte  last  formula,  obtaining 

CD  =  A B  ai"-  CBP  -  gin.  CAB 
Bin.  BDU  ,  liiii.  ACB' 

Tbia  problem  may  also  be  solved,  indirectly,  by  assuming  any 
length  for  CD,  and  thencfl  calculating  as  in  the  first  part  of  Art. 
(130),  th«  length  of  AB  on  this  hjpotbesia.  The  ima^nary 
figure  tliu3  calculated  ia  eim'dar  to  the  true  one ;  ami  the  true 
length  of  CD  will  be  given  by  tliia  proportion ;  calciJated  length 
of  AB  :  tniQ  length  of  AB  ::  assumed  length  (if  CD  :  true  length 
of  CD. 

The  length  of  CD  can  also  be  obtcuaed 
grapliically.  Tftke  a  line  of  any  length, 
as  CD',  and  from  C  and  D'  lay  off  angles 
erjuol  to  those  observed  at  G  and  D,  and 
thus  fix  points  A,  B'.  Produce  till  it 
eijuals  the  given  distance  AB,  on  any  da- 
sired  scale.  From  B  draw  a  parallel  to 
BD',  meeting  AD'  produced  in  D ;  and 
from  D  draw  a  parallel  to  DC  meeting 
AC  produced  in  G,  Then  CD  will  bo  the  ii(imred  diataiice  to 
the  aaiae  scalfi  as  AE,* 


(JSB)  FrObUuli  Three  pointa^  A,  B,  C,  being  given  hy  their 
diitdiees  from  each  other,  and  two  otJier  pcints,  P  and  Q,,beinff 
go  sitiioted  that  from  each  of  them  two  of  the  three  points  can  le 
eeeii  and  the  angles  APQ,  BPQ,  CQP,  BQP,  be  measured,  itiM 
required  to  dete-rmine  (Ire  poattiom  of  P  and  Q. 

*  See  Artiulx  (Hi)  Tur  r  wLution  uf  iLis  ptoblcog  by  ibt  Plnnc-TaUe. 
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CONSTEUCTION.  Eegm, 

in  Art.  (397),  hy  describ- 
uig  a  circle  passing  through 
A  and  E,  and  laying  tho  cen- 
tral anglfi  saTjtended  by  AE, 
equal  to  twico  the  given  sui-  p}^- 
gle  APB,  and  thus  contain- 
ing ttfLt  angle.  Tiia  point 
P  will  lie  aamewhere  in  its 
circumference.  Deaeribo  another  circle  passing  through  B  and  C, 
and  having  a  central  angle  subtended  by  BC  equal  to  tiviee  th§ 
given  angle  BQC.  The  point  Q  will  lio  someTvJiere  in  its  cir- 
cumference. From  A  draw  fl  line  mating  mth  AE  an  angle  = 
BPQ,  and  meeting  at  X  the  circle  first  drawn.  From  C  draw  a 
line  making  with  CB  an  angle  ^  BQP,  and  meeting  the  second 
circle  in  Y.  Join  XY  and  produce  it  till  it  cuts  the  circles  in 
points  P  and  Q,  which  wiU  be  those  recjuired  ;  since  EPX=  BAX 
=  BPQ;  and  BQY=BCY  =  BQP. 

Caloclatiojt.  In  the  triangle  AEC,  the  aides  being  given,  tlio 
onglfl  ABC  is  known.  In  the  triangle  ABX,  a  side  and  all  tho 
angles  are  known,  to  find  BX.  In  the  triangle  CBY,  BY  is  slmi- 
Jarly  found.  By  subtracting  the  angle  ABC  from  tho  sum  tif  the 
angles  ABX  and  CBY,  tho  angle  XBY  can  be  oltained.  Then 
in  tho  triangle  XBT,  the  sides  BX,  BY,  and  the  included  angle 
are  given  to  find  the  other  angles.  Tlien  in  the  triaDgle  EPX 
are  known  all  the  angles  and  tliei  side  EX  to  find  BP.  In 
tho  triangle  BQY,  HQ  is  found  in  like  manner.  Finally,  in  tbo 
triangle  BPQ,  PQ  can  then  he  found. 

If  desired,  wo  can  also  obtain  AP  in  the  triangle  APB ;  and  CQ 
in  the'  trianirle  CBQ. 


f437)  Problem*  -Fowr  pointu.  A,  B,  C,  D,  heiii^  given  m 
ptfiitioti,  their  mutual  distances  and  direct!oit»,  and  two  other 
potntt,  P  and  Q,  bdng  situated  Viat  from  each  of  tkem  tico  of 
the  four  points  can  le  seen  and  the  angles  APB,  APQ,  PQC  iTn<i 
PQD  measureiJ,  I'i  is  required  to  determine  tJte  poBilion  of  V  and  Q. 
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Fig.  300. 


\ 


CosaTRTjCTiON.  Begin  as  in  the  last  arbic^e,  by  deacribing  on 
AB  the  Begmetkt  of  a  circle  to  contiUQ  an  angle  c([uid  to  APB. 
From  B  draw  a  cliord  BE,  making  an  angle  with  BA  equal  tCi  tli-o 
eupplcment  of  the  nn^le  APQ.  On  CD  describe  another  segment 
to  conitaia  an  angle  equal  to  CQT).  From  C  draw  a  chord  CF, 
making  an  ajiglo  with  CD  equal  to  the  Bupplemeat  of  the  anglfi 
DQP.  Draw  the  line  EF,  and  it  will  cut  the  two  circlea  ia  tb* 
required  paints  P  and  Q.* 

Calcclatios.  To  obtain  PQ  =  EF — EP  — QF,  we  proceed 
to  find  those  three  Imea  thus.  In  the  triaoglo  ABE,  wo  know  the 
side  AB,  the  angle  ABE,  and  the  angle  AEB  =  APB  ;  whe'ice 
to  find  EB.  lu  the  same  way,  the  triangle  CFD  gives  FC,  la 
thfj  triangle  EBC  are  known  EB  and  BC,  and  the  angle  c;EC=s 
ABC  — ABE;  whence  EC  and  the  angle  ECB  arc  found.  In 
the  triangle  ECF  are  known  EC,  FC,  and  tho  angle  ECF  =  BCD 
—  ECB  — FCD;  whence  we  End  EF,  and  tha  flngles  CEF  and 
CFE. 

In  the  triangle  BEP,  wo  have  EB,  the  angle  BEP  =  BEC  + 
CEP,  and  the  angle  BPE  =  BPA  +  APE  ;  to  find  EP  and  PE. 
In  the  triangle  QCF,  wa  have  CF,  and  the  angles  CQF  and  CFQ, 
to  find  QC  and  QF.    Then  we  know  PQ  =  EF  —  EP  —  QF. 

"  ror,  tlm  nnglc  API!  lu  l\iD  (\z\tT<i  cqriiU  llir-  tneMurcil  angle  APQ.  bocnaic 
the  I'lpplt^ incut  •>{  llie  furmrr,  ETA,  uqiiala  tU')  lapplcaieiil of  uic  Inner,  bidcd  il 
is  m<>^(ilured  by  the  same  arc  u  llii'  angle  ABE,  cijubI  Xo  ihu  tupplecievit  i»J  tda 

■Iruicli-ou.    Sit  too  with  ibe  ooglB  DIJP. 
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Tlie  other  distances,  if  desireil,  can  be  easily  found  from  the  above 
data,  some  of  the  calculations,  not  uecdod  icr  PQ,  being  made  with 
reierenco  to  them.  In  tlie  triann;lo  ABP,  we  know  AB,  BP,  and 
the  angle  BAP,  to  find  tlic  angle  ABP  and  AP.  In  the  triangle 
QDC  we  know  QC,  CD,  and  the  anglo  CQD,  to  find  the  angle 
QCD  and  QD.  In  the  triangle  PBC,  ire  know  PB,  EC,  and  the 
angle  PBC  =  ABC  —  ACP,  to  find  PC.  Laatlj,  in  the  triangle 
QCB,  wo  know  QC,  CB,  and  tie  angle  QCB  =  DCB— DCQ,  tc 
find  QB. 

Tho  solution  of  tliia  problem  Includes  ttie  two  preceding ;  for,  let 
tho  line  BC  be  reduced  to  a  point  so  tliat  its  two  ends  come  toge- 
ther and  the  thi-ee  lines  become  two,  and  to  have  the  problem 
of  Art.  (436) and  let  the  line  AB  be  reduced  to  a  point,  B, 
and  CD  to  a  point,  C,  and  we  have  but  ona  line,  and  tho  problein 
lecomea  that  of  Art.  (435). 

In  these  throe  problems,  if  the  two  stations  He  in  a  right  line 
irith  one  of  tk(*  given  points^  the  problem  ia  indeterminate. 

(138)  Problem  of  tlie  eight  poiatsi  Four })oini8,  A,3,C,I>t 
are  inacceesibh,  but  visihle  Fig.SOl. 
from  four  other  points,  E, 
F,  G,  H  ;  it  ia  rcipiired  to 
fmdthe  respective  distances 
of  Oiese  eigM  points;  tiie 
only  data  being  Oie  ohser- 
vationf  from  eaah  of  the 
painte  of  the  second  sys- 
tem, of  the  angles  tinder 
which  are  seen  Me  points 
sf  the  fret  si^stcm. 

Thia  prol/lem  can  be  solved,  but  the  great  length  and  compUcar 
tion  »f  tho  uivesti^ation  and  resulting  formulaa  render  it  more  a 
matter  of  Curioaltj  than  of  utility.  It  may  he  found  inPuissant'a 
"  Topographic"  page  55  ;  Lcfevro'e  "  TnyoMindris"  p.  30,  bnd 
Lefovre's  "Arpenfage,"  387. 
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CHAPTER  IV. 


TO  SCPPLT  OMISSIOSS. 


(139)  Any  two  omissiona  in  a  closed  survey,  wlietliep  of  the 
lirection  or  of  tlio  length,  or  of  botli,  of  one  or  more  of  the  eidea 
bounding  die  area  surveyed,  can  always  te  supplied  by  a  Biiitable 
application  of  the  principle  of  Latitudes  and  Departures,  as  -was 
stated  in  Art,  (283) ;  although  this  means  should  be  resorted  to 
only  in  cases  of  absolute  necessity,  slnco  any  omission  renders  it 
impossiblo  to  "  Test  the  survey,"  as  directed  in  Art.  (28J).  In 
the  following  articles  the  survey  will  be  considered  to  hai-e  been 
made  with  tho  Compass.  All  the  rules  will  however  Apply  to  a 
Transit  or  Theodolite  survey,  the  anylea  being  referred  to  any  line 
as  a  meridian,  as  in  "  Traversing." 

To  save  unnecessary  labor,  the  examples  in  the  vanujs  cases 
now  to  be  examined,  will  all  bo  ta,ken 
from  the  same  survey,  a  plat  of  which 
is  given  in  the  margin  on  tlio  scale  of 
40  chains  to  1  inch  (1:31,680),  and 
the  Field-notes  of  which,  with  tho 
Latitudes  and  Departures  carried  out 
to  five  decimal  places,  are  given  on 
the  follo\vlng  page.* 


*  The  iF-ftchPF  cut  mako  any  nombcr  of  einmpki  for  liis  nwn  nte  lalcinig 
■  loIt-raMy  nc-cnraie  lurvey,  imfcrng  oril  tlko  l>eAririg  anit  diimace  of  any  one 
rcnrie,  saJ  colculBlin^  ic  prL'cHclj  <u  in  Cnic  1,  given  Veluw.  Hctnn  then  ctutt 
mnv  1w«  c]iiHi]iiiie«  at  tvill,  in  bo  «uf  pi  ieij  by  tbe  rtutjent  by  loeuuii  cf  the  tutet 
now  10  bo  given. 
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Case  1.  When  the  length  and  the  Bearing  ef  any  one  tide  are 
loantinff. 


(4J0>  Ymi  the  Latitudes  and  the  Bepartures  of  the  remaining 
sides.  The  difference  of  the  North  and  Soath  Latitudes  of  these 
lines,  la  tlie  Latitude  of  tte  omitted  line,  and  the  difference  of  their 
Departures  is  its  Departure.  This  LatitaJe  and  Departure  are  two 
silica  of  a  right  angled  triangle  of  which  the  omitted  line  is  tho 
h^rpothenuae.  Its  length  is  therefore  equal  to  the  8<iuare  root  of 
the  sum  of  their  squares,  and  the  quotient  of  the  Departure  diiided 
by  the  Latitude  is  the  tangent  of  its  Bearing ;  as  in  Art.  (117). 

In  tho  alM>7e  eurvej,  suppose  the  course  from  F  to  A  to  bava 
been  onutted  or  loat.  The  difference  of  the  Latitudes  of  tho 
remaining  courses  will  be  found  to  be  1314,69682,  and  the  differ- 
ence of  tho  Departures  to  bo  4430.55725.  The  square  root  of  the 
sum  of  their  squares  is  4021.5  ;  and  the  quotient  of  tho  Departure 
divided  hj  the  Latitude  is  tho  tangent  of  73°  28'  21".  The  de- 
ficiencies were  in  North  Latitude  and  West  Departure;  anil  the 
omitted  courae  is  therefore  N.  73°  28'  21"  W.,  4621.5 

Case  2.  When  Vie  lenjih  of  one  mdc  and  the  Bearing  of 
another  are  wanting, 

(111)  Vhtn  the  dcGcIfnt  sides  adjoin  tach  olbcr>  Hnd,  as 
iQ  Case  1,  the  length  and  Bearing  of  tlic  line  joining  the  ends  of 
the  remaining  courses.  Tliia  line  and  the  deticient  Iinea  will  form  a 
triangle,  in  wliich  two  sides  will  be  knoviD,.  Ond  the  angle  between 
the  calculated  eido  and.  the  sida  whoso  Bearing  ia  given  can  bo 
found  by  Art.  (213).  The  parta  wanting  can  then  be  obtfoned 
bj  the  common  rules  of  Trigonometry. 
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In  the  figure,  let  the  length  of  EF, 
pnd  the  Bearing  of  FA  be  tho  omitt-ed 
pftrtg.  difference  of  the  sums  of 
the  N.  and  S.  Latitudes,  and  tho  E. 


Fig.  303. 

n 


and  W.  Departures  of  the  coiDjilete  B 


courses  from  A  to  E,  are  respcctivulj 


t-105.32477   North    Latitude,  and 


5314.34587  East  Departure.  The 
eourae,  EA,  corresponding  to  Uijg  dc- 


r 


ficiency  vre  find,  hy  proceeding  ii3  in  case  1,  to  be  S.  75°  11'  15 
W.,  5497.02(3.  The  angle  AEF  ia  tbfirtfort  =75' 11' 15" 
IS'*  =  57°  11' 15".  Tiien  in  the  triangle  AEF  ftre  given  the 
sidea  AE,  AF,  and  the  angle  AEF  to  find  the  remaining  parts ; 
via.  the  angle  AFE^Or  28'  21",  whence  the  Bearing  of 
FA  =  91'  28^  21"  — 18''  =  N.  73°  28'  21"  W-J  and  the  sida 
EF  =  28C0. 

(IJ2)  VfiieB  tlic  df fificot  Sides  are  separated  ft*om  cafti  oih^r. 

A  modification  of  the  preceding  method  will  still  apply.  In  this 
figure  let  the  onussious  be  the  Bearing  Kig.  304. 

of  JA  and  the  length  of  CD-    Imagine  D 


the  Latitudes  and  Departures  of  all  the  eideg  but  FG  are  known, 
whence  its  length  and  Bearing  can  be  found  a?  in  Case  1. 
Then  the  triangle  AG-F  may  be  treated  hke  tho  triangle  AEF 
in  the  last  article,  to  obtain  the  length  of  AG  =  CD,  and  the  Bear- 
mg-of  FA. 

(iI3)  Odiermte,  hf  changing  (he  Meridian.  Imagine  tlie  field 
to  turn  around,  till  the  side  of  wliimh  the  distance  is  unknown, 
becomes  the  Meridian,  i.  e.  comes  to  be  duo  North  and  South* 


affect  their  Latitudes  or  Departures. 
Join  GF.  Tlien  in  the  figure  DEFGII, 


bring  the  deficient  lines  next  to  each  fl^ 
other,  by  tranflferring  CD  to  AG,  AB 
to  GH,  and  EC  to  HD.    Thia  mil  not 


the  coui'ses  to  change  placea  without 
changing  Bearings  or  lengths,  eo  aa  to 
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all  the  other  sldea  retaining  tie'ir  relative  poaitiona,  and  contliming 
to  make  tlio  same  angles  witli  cacli  other.  Change  their  Bearings, 
according! J,  as  directed  in  Art.  (244).  Find  tho  Latitudea  and. 
Defiartiires  of  the  Bides  in  their  new  positions.  Since  the  eida 
■whose  length  was  unknown  has  beoii  made  the  iSIcridian,  it  has  no 
Departure,  i\-hatcver  maj  be  its  unknoii'n  Icngtli ;  and  the  difference 
of  tlie  columns  of  Departure  will  therefore  he  the  Departure  of  the 
eide  whose  Bearing  is  unkntmn.  The  length  of  this  side  is  given. 
It  13  the  liypotlieimae  of  a  rigitt  angled  triangle,  of  which  the  De- 
parture \i  one  side.  Hence  the  other  aide,  wliich  is  the  Latitude, 
can  be  at  once  found  ;  and  also  the  unknown  Bearing. 

Put  this  Lutttude  in  the  Table  in  the  blank  wherd  it  belonga. 
Then  add  up  the  columns  of  Ladtudc,  and  the  diSerence  of  their 
Burns  will  bo  the  unkno-n-n  length  of  the  side  which  had  been  made 
a  Jlcridlaa.* 

Let  the  omitted  ti^uantitieSi  lifr,  as  in  the  last  article,  the  length 

of  CD  and  the  Rearing  of  FA. 
Make  CD  the  Meridian.  The  chang- 
ed Etaritiga  Tvill  then  be  found  hy 
Art.  (344)  to  be  in  the  murgin. 
To  i^d  tho  imagination,  turn  tho 
book  around  tiJl  CD  points  up  and 
down,  03  North  lines  are  usually 
pJaced  on  a  map.  Then  obtain  the  Latitudes  of  the  courses  with 
their  nciv  Beflrings  and  old  distances,  and  proceed  as  has  been 


 1  

NEW  BEARlSt 

N.  81)"  W. 

N.  Si!"  B. 

N.  48=  W. 

C 

M.  80°  B. 

D 

B.  -18°  E. 

N.  52"  E, 

E 

S.  ]a°  W. 

S.  62°  E. 

V 

directed. 
Case  Z. 


When  the  lengths  of  tteo  tides  ure  wanting. 


(111)  Iflicu  tbe  dcficienl  sides  a^jftiu  each  otber.  Find  the 
Latitudeg  and  Departures  of  the  other  couraos,  and  then,  by  Cnao 
1,  find  the  length  and  Bearing  of  the  line  joining  the  extremitica 
of  tlie  deticient  courses.  Then,  in  the  triangle  thus  formed^  aro 
known  one  side  ajid  all  the  angles  (deduced  from,  the  Beatinga^  t4 
find  the  lengtha  of  the  other  tno  eidea. 


•This  cnncpptinn  of  iliiin  dmngiiig  tlic  Beaniigs  is  Milled  lo  he  Am  lo  Pro, 
Balicn  rnlleraoii,  i>f  rliiluilcFljiliiii,  Ly  wlium  il_  ubs  conimunicaieil  lo  Mr  Jolil 
Uiuninere,  and  pabiithcd  by  iiito,  iu  1814,  in  hii  "  Treatioo  on  Burvoj^Dg" 
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Thu3,  in  Fig.  303,  page  293,  let  EF  and  FA  the  si^oa  whose 
lengtlis  ar«  nnknown.  EA  \s  then  to  he  calculated,  and  its  !en;^th 
will  be  found,  as  in  Art.  (Ill),  to  be  5497.023,  and  its  bearing 
S.  75°  11'  15"  W.,  whence  the  angle  AEF  =  75°  11'  15"  — 18' 
^ST^ll'lo";  AF£  =  18'  +  73''  2S'  21"=:  91' 28' 21";  and 
EAJ  =  31"  20'  24";  whence  can  be  obtained  EF  =  28t;0  oail 
FA  =4621.5. 

(413)  Wbeo  th«  deficient  sides  are  separated  n-aoi  eacb  other 

Letthelengthaof  BCand  DE  be  ttose  Fig,  30J. 
omitted.    Asaln  imngine  the  courses        ^   £ 

DO  ^ 

to  change  places,  so  as  to  bring  the 
deficient  lines  together,  DE  being 
transferred  to  CG,  and  CD  to  GE. 
Join  BG.  Then  in  the  figure 
ABGEFAt  are  known  the  Latitudes 
and  Dcparturea  of  alt  the  courses  ex- 
cept BG,  whence  its  length  and  Bearing 
can  be  found  as  in  Case  1.  Then  in  the  triangle  BCG,  the  anglo 
CBG  can  be  found  from  the  Bearings  of  CB  and  BG,  and  tbe  angle 
CGB  from  tbe  Bearings  of  BG  and  GC.  Then  all  the  angles  of 
the  triangle  are  known  and  one  side,  BG,  whence  to  find  the 
required  sides,  BC  =  1782,  and  CG  =  DE  =  2700. 

(446)  OOierwitt-,  htf  changing  the  Meridian.  As  in  Art.  (413), 
ijna^o  tbe  field  to  torn  around,  till  <>n&  of  the  sides  whose  length 
ia  wanting,  becomes  a  Meridian  or  due  North  and  Soutii.  Changa 
all  the  Bearings  oorreapondingly.  Find  the  Latitudes  and  Depar- 
tures of  the  changed  courscg.  The  diffflrcncG  of  tbe  columns  of 
Departure  will  be  tho  Departure  of  the  second  course  of  unknoira 
length,  since  the  course  made  Meridian  hag  now  no  Departure. 
Tbe  new  Bearing  of  this  second  course  being  given,  in  the  right 
angled  triangle  formed  by  this  course  (as  an  hjpothenuse)  and  its 
Departure  and  Latitude,  we  know  one  side,  the  Departure,  and 
the  acute- angles,  which  are  tho  Bearing  and  its  complement.  Tbo 
length  of  the  course  is  then  readllj  calculated  ;  and  also  its  Lati- 
tude.   This  Latitude  being  inserted  in  its  proper  place,  tlie  .liSi* 
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encc  of  tlie  columns  of  Latitude  will  be  the  length  of  that  wanting 
side  which  ba^l  been  made  a  Meridian. 

Thus,  let  the  leogtha  cf  EC  and  DE  be  -wanting,  aa  in  the  pre- 
ceding example.  Maie  BC 
a  Meridian.  The  other  Bear- 
inga  are  tlieo  changed  as  in 
die  margia.  Calculate  nen 
Latitudes  and  Departures. 
The  difference  of  the  Depai^ 
turea  will  be  the  Departarft 


9T1, 

K 

Nnnli. 

N.  32»  W. 

B 

N,  33" E. 

A'drrt. 

C 

N.  80'  B. 

N.  43°  B. 

0 

S  48°  E. 

S,  80"  E. 

E 

s.  \v. 

S.  U"  E. 

? 

N.  71"  5?  5V'  W. 

S.  74.' 31'  30"  W. 

of  DE,  since  BC,  bein^  a  Meridian^  has  no  Departure.  Hence  the 
length  and  Latitude  of  DE  arc  readily  obtained,  Tliia  Lntituda 
h&ing  put  in  the  table,  and  the  coluffiiiB  of  Latitude  thea  added  UD, 
their  difference  will  be  the  length  of  BC. 

Case  4.    When  tie  Bearings  of  two  tidee  are  wanting, 

(417)  When  the  deficient  sides  adjoin  each  olher.   Find  the 

Latitudes  and  Departuros  of  the  other  Miiea,  and  then,  as  in  Case 
1,  find  the  length  and  bearing  of  tho  line  joining  the  cxtrcmitScfl 
(vf  the  deficient  sides.  Then  in,  the  trianglfl  thus  farmed  ire  hare 
the  three  sldea  to  hnd  the  angles  and  thence  the  Bearing. 


H'licu  tbe  deCcicnl  sides  are  separated  from  eacb  olber 

Change  tho  places  of  the  sides  a  o  as  to  bring  the  defieient  onet 
next  to  each  other.    Thus,  ia  the  Fig.  soe. 

figure,  supp(Bing  the  Bearings  of  CD, 
and  EF  to  be  wanting,  transfer  E!F  to 
EG,  and  DE  to  GF.  Then  calculate, 
as  id  Case  1,  the  length  and  Bearing 
of  tb&  line  joining  the  citremitiea  of 
the  deficient  sides,  CG  in  the  figure. 
This  line  and  tho  deficient  sides  form  a 
triangle  In  which  the  three  sides  are 
given  to  detennme  the  angles  and  thence  the  required  BetuingB. 

*  Th^  fiiliNt  invutigiiti«n  o-f  Ibis  sulijiii^t,  dePelopLngmiiny  ciinatu  ptiiat*,  will 
(m  found  in  Musoheroui  a"J'mtl^t»  dt  Oioiixitrii  pour  Um  vtfjicn/jurj,  ood  Lliii- 
illicr'i  "foljf^/cnomicit.'   The  raetlicid  of  Arta.  {m).  (446),  nod         ie  oenr. 
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PLANE  TABLE  SURVEYING. 

(119)  Tug  Flaoe  TaMe  is  in  sabstaDCe  merely  a  drawing  board 
fixed  on  a  tripod,  9o  that  lines  may  be  drawn  on  it  by  &  ruler  [-laced 
BO  as  to  point  to  any  object  in  sight.  All  its  parts  are  mere  addi- 
tioD3  to  render  this  operation,  more  convenient  and  precise.* 

Such  an  arrangement  may  be  applied  to  any  kind  of  "  Angular 
Surreying'' ;  such  as  the  Third  Blothod,  "  Polar  Surveying,"  in 
itg  two  modifications  of  Radiation  and  Progrension,  (eliaracterized 
in  Art,  (220)),  and  the  Fourth  Method,  by  hitersestiom.  Each 
of  these  will  be  Buceessively  explained.  The  instrument  13  very 
convenient  for  fiUing  in  the  detiula  of  a  Bun-ey,  Trhen  the  principal 
points  have  been  determined  hy  the  more  precise  method  of  "  Tri- 
angular Surveying,"  and  can  then  he  platted  on  the  paper  in 
advance.  It  has  the  great  advantage  of  diepensing  with  all 
notes  and  records  of  the  measurements,  Binco  they  are  platted  aa 
they  are  made.  It  thua  savea  time  and  lessens  mistakes,  but  ia 
wanting  in  precision. 

(150)  The  Table.  It  ia  usually  a  rectangular  board  of  well 
Beasoned  pine,, about  20  inches  iride  and  30  long,  The  paper  to 
be  drawn  upon  may  be  attached  to  it  by  drawing-ping,  or  by  clamp- 
ing plates  fixed  on  its  sides  for  that  purpose,  or  by  springs  pressed 
upon  it,  or  it  may  be  held  between  ToUere  at  opposite  aides  of  the 
table.  Tinted  paper  is  less  dazzling  in  the  gun.  Cugoot's  joint, 
deecribod  on  page  134,  ia  the  beat  for  connecting  it  -with  its  tripod, 
though  a  p^  of  parallel  plates,  like  those  of  the  Theodolite,  are 
often  used.  A  detached  level  ia  placed  on  the  board  to  test  its 
horizontality  ;  thoagh  a  smooth  ball,  as  a  marble,  will  answer  the 
same  purpose  approslmately, 

*TbsPliJi«  Tkbia  li  nol  i  GentomttiT.  oi  Anett  mecuurt.  Ilk*  tb«  OnDpM^Tnuidl,  Ml: 
bat  •  Sontifnipk,  <c  Anglt-dnMHr. 
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A  pair  of  sigLts,  like  those  of  tlie  compasa,  are  sometimes 
placed  under  the  board,  sening,  like  a  "  Watch  Telescope,"  (Art. 
(139),  to  detect  any  movement  of  the  instniraent.  To  find  ■«hat 
point  on  the  lower  mdc  of  th€  lioard  is  exactly  under  a  point  on 
the  upper  &id€,  so  that  hj  suspending  a  plumb-line  from  the  former 
the  latter  may  be  exactly  over  any  desired  pint  of  ground,  a  large 
pair  of  "  callipers,"  or  diFidera  irith  curred  legs,  may  he  used,  one 
of  their  points  being  placed  on  the  upper  point  of  the  board,  and 
their  other  poini  then  determining  the  corresponding  under  point; 
or  a  frame  fonning  three  sides  of  a  rectangle,  like  a  slate  frame, 
may  he  placed  ao  that  one  end  of  one  side  of  it  toucbea  the  upper 
point,  and  the  end  of  the  corresponding  &ide  is  under  the  table 
precisely  below  the  given  point,  so  that  from  this  end  a  plumb-Une 
■can  be  dropped.  A  compass  ia  sometimes  attached  to  the  table, 
nr  a  detached  corapasa,  consisting  of  a  needle  in  a  narrow  boi, 
fcaCed  a  Declinator),  is  placed  upon  it,  as  desired.  The  edges 
of  the  table  are  sometimes  divided  into  degrees,  like  the  "  Drawing 
hoard  Protractor,"  Art.  (2TS).  It.  then  becomes  a  sort  of  Gonio- 
meter, Uko  that  of  Art.  (213). 

(151)  The  Alidade.  The  ruler  has  a  fiducial  or  feather  edge, 
■which  may  bo  divided  mto  inches,  tenths,  &c.  At  each  end  it 
carries  a  sight  like  those  of  the  compasa.  Two  needles  would  be 
tolerable  Eubatitutca.  The  sights  project  beyond  its  edge  so  that 
their  centre  lin03  shall  he  precisely  in  the  Eame  rertical  plane  as  this 
edge,  in  order  that  the  linea  drawn  by  it  may  correspond  to  thd 
lines  Eightod  on  by  tliem.  To  test  this,  fix  a  needle  in  Uio  board, 
place  the  ruler  against  it,  sight  to  aome  near  point,  dr&yf  a  line 
by  the  ruler,  turn  it  end  for  end,  again  place  it  against  the  Qccdlc, 
again  sight  tu  the  same  point,  and  draw  a  new  line.  If  it  coincides 
with  the  fomcr  line,  the  above  condition  is  satisfied.  The  ruler 
and  sights  together  take  the  name  of  Ahda.de.  If  a  point  should 
be  too  high  or  too  low  to  bo  seen  with  the  alidade,  a  pluniL-line, 
teld  between  the  cyo  and  the  object.,  will  remove  the  diflEculty. 

A  telescope  is  eoractimea  substituted  for  tiie  sigbta,  being  sup- 
ported above  the  ruler  by  a  standard,  and  capable  of  poin^g 
"Upward  or  downwanl.    It  admits  of  adjustmenta  similar  in  principle 
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to  tte  £d  and  3d  adjustments  of  Iha  Transit,  Part  IV,  Chajiter  3, 
pagos  242  and  246. 

But  even,  without  these  adjustments,  whether  of  the  sights  or 
of  tha  telescope,  iX  survey  could  be  made  which  would  be  per- 
fectly Correct  as  to  the  relatire  position  of  its  parts,  however  fir 
the  lino  of  sight  might  be  from  Ijiing  ia  the  same  vertical  plane 
aa  the  edge  of  the  ruler,  or  ovta  from  being  parallel  to  it ;  just  as 
in  th«  Transit  or  Theodolite  the  index  or  vernier  need  not  to  be 
exactly  under  the  Tcracal  hair  of  the  telescope,  since  the  ahsular 
deviation  affects  all  the  observed  directions  equally. 

(liSS)  IQrthod  »r  Radiatfan.  Thi^  is  the  simplest,  thotigli  not 
the  best,  method  of  survej-iag  viith  the  Plane-table.  It  ii  especi- 
ally applicable  to  surrey- 
inw  a  fieUl,  as  in  the  fisnire. 
In  it  and  tha  following  fi- 
gures, tie  size  of  the  Table 
15  much  exaggerated.  Set 
the  instrument  at  any  conve- 
niciiE  point,  asO;  level  it,  ^ 
and  fix  a  needle  (having  a 
head  of  sealing-wax)  in  the 
board  to  represent  the  sta- 
tion .  Direct  the  alidade  to  any  comer  of  tlie  field,  as  A,  the  fiducial 
edge  of  the  nder  touching  the  neeille,  and  draw  an  indefinite  line  by 
it.  Measure  OA,  and  set  off  the  distance, to  any  desired  scale,  from 
the  needle  point,  along  the  lino  jiiat  drawn,  to  a.  The  line  OA  ia 
thus  platted  on  the  paper  of  the  table  as  soon  aa  detorraliied  in  tbo 
Bold.  Determine  and  plat  in  the  aamo  way,  OB,  OC,  &c.,  to  b,  c, 
&e.  Join  ah,  Ic,  kc,  and  a  cooipletc  plat  of  the  field  is  obtained. 
Trees,  houses,  hilla,  bends  of  rivers,  &c.,  may  be  detcnnnled  in 
llio  same  manner.  The  corresponding  method  with  the  Compass 
or  Transit,  was  described  in  jVrticIes  (258)  and  (3flil).  The  table 
may  be  sot  at  one  of  tha  angles  of  the  field,  if  more  conveiucnt. 
If  the  alidade  hsis  a  telescope,  the  mpttod  of  measunng  dlatancet 
with  a  stadia,  described  in  Art.  (S75),  may  be  here  applied  with 
great  advantagQ. 
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(1j3)  Method  of  rrog:rcssi»n.    Let  jVBCD,  kc,  ha  tha  Iin« 

to  be   flurvej-ed.  Fig.  303. 

Fu  a  needle  at  a 
convement  point 
of  the  PIji  He-table,  \ 
near  a  corner  60 
as  to  leave  room 
for  tho  plat,  and 
set  up  tLe  taljle  at 
B,  tbe  second  an- 
gle of  tlie  line,  so 
that  the  needle, 
whose  point  repre-  c 
aenta  B,  and  wLicb  ehould  he  named  h,  slall  bo  exactly  over  that 
station,  Si^lit  to  A,  pressing  the  fidocial  edge  of  the  ruler  against 
the  needle,  and  drair  a  lino  by  it.  Jleasure  BA,  and  set  off  ita 
length,  to  the  desired  scale,  on  the  line  just  dra\m,  from  J  to  a 
point  ef,  representing  A.  Then  sight  to  C,  draw  an  indefinite  line 
\}j  the  ruler,  and  on  it  set  off  the  kngtli  of  BC  from  b  to  c.  Fix 
tbe  needle  at  c.  Set  up  at  C,  the  pouifc  c  being  over  this  stalloaf 
and  make  the  line  cb  of  tlic  plat  coincide  In  direction  ivith  CB  on 
the  ground,  by  placing  the  edge  of  the  ruler  on  ci,  and  turning  tlie 
table  till  t!ie  sights  point  to  B.  The  compass.  If  the  table  hare 
one,  will  facilitate  thiij.  Then  sight  forward  fi'om  C  to  I),  and  fix 
CD,  i:d  on  tlie  plat,  as  be  waa  fixed.  Set  up  at  D,  make  dc  coincide 
with  DC,  and  proceed  as  before.  The  fi^oire  sbewa  the  lines 
drawn  at  each  ancccaaive  station.  The  Table  drawn  at  A  shews 
how  the  survey  might  be  commenced  there. 

In  ^oin^  around  a  field,  the  work  would  be  proved  bj  the  last 
line  "closing"  at  the  starting  point;  and,  during  the  progress  of 
the  survey,  by  any  direction,  as  fi-om  C  to  A  on  the  ground,  coli^ 
cidijig  with  the  corresponding  line,  ca,  on  the  plat. 

This  method  is  substantially  the  same  aa  the  method  cf  Burvey- 
ing  a  Une  with  tho  Tranalt,  explained  ui  Art.  (372).  It  re(iiiirea 
all  the  pouita  to  be  accessible.  It  is  especially  suited  to  the  sur 
vcy  of  a  road,  a  brook,  a  winding  path  through  woods,  &c.  The 
ol&cts  required  may  often  be  sketched  in  by  eye  with  siifficicixt 
precision. 
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When  tlie  paper  is  filled,  put  on  a  new  sliect,  and  bj  fixing 
on  it  two  poiuta,  such  as  C  and  D,  which  werton  the  former  slieet, 
and  from  them  proceed  as  before.  The  eheeta  can  then  be  a£lcr>- 
wards  united,  so  tliat  all  the  points  on  hoth'ehiill  be  in  their  true 
relative  positions. 


(451)  Method  of  lotfrseclbni  This  is  the  moat  usual  anrl 
the  moat  rapiil  method  of  using  the  Plane-table.  The  principle 
was  referred  to  in  Articles  (259)  and  (392).  Set  up  the  instru- 
ment at  anj  convenient  point,  as  X  in  the  figure,  and  sight  to  all 

B  C 

/ 


f  If 

the  desired  points  A,  E,  C,  kc,  which  arc  vislhle,  and  draw  indo* 
finite  lines  In  their  directions.  Tileasure  any  lino  ST,  T  being 
one  of  the  points  sighted  to,  and  setoff  this  line  on  the  paper  to 
any  scale.  Set  up  at  Y,  and  turn  the  table  till  the  line  XT  on 
the  paper  lies  in  the  direction  of  XT,  on  the  ground,  as  at  C  in  the 
last  me  thod.  Sight  to  all  th&  former  points  and  dra'w  lines  in  their 
directions,  and  the  intersections  of  the  tivo  lines  of  sight  to  each 
point  will  deternuae  them,  hy  the  Fourth  JlefliotI,  Art.  (8). 
Points  on  the  other  side  of  the  line  XY  could  ho  determined  at  the 
same  time,  la  sarveving  a  field,  one  aide  of  it  may  be  taton  for 
the  base  XT.  Very  acute  or  obtuse  intersections  should  be 
avoided.  30°  and  150°  should  be  the  txtrtme  liniita.  The  impoa- 
eibility  of  always  doing  thia,  renders  this  method  often  deficient  in 
precision.  When  the  paper  is  filled,  put  on  a  new  sheet,  by  filing 
CSX  it  two  known  pomts,  as  m  the  preceding  metliod. 
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(435)  Method  or  B'CSVCtiODf  Thismethod  (calleil  by  tbe  Frenob 
lUcov-pemeni)  is  a  modification  of  the  precediDg  method  of  JxAust 

Fig.  910. 


B 


eectiOQ.  It  requires  the  measuremGQt  of  only  one  distance,  hot  aJl 
tlic  pomts  must  be  accessible.  Let  AB  be  the  measured  distance. 
Lay  it  off  on  the  paper  ns  ah.  Set  the  table  up  at  B,  and  tiini  it 
iiill  the  line  ba  on  the  paper  coincides  vith  BA  on  the  grouBd,  as 
in  the  Method  of  Progression.  Tlien  sight  to  C,  and  cJraw  an  iude* 
finite  line  by  the  ruler.  Set  up  at  C,  and  turn  the  line  last  dniwu 
BO  aa  to  point  to  E.  Tlx  a  needle  at  a  on  tlie  table,  place  tha 
alidade  against  the  needle  and  turn  it  till  it  sights  to  A.  Then  the 
point  in  which  the  edge  of  the  ruler  cuts  the  line  drawn  from  B 
■will  be  the  point  c  on  the  table.  Next  eight  to  D,  and  draw  an 
indefiaiie  Une.  Set  up  at  D,  and  malce  the  line, last  drawn  point 
to  0.  Then  fix  the  needle  at  a  or  6,  and  by  the  alidade,  as  at  the 
last  station,  get  a  new  line  baclc  from  cither  of  them,  to  cut  the  last 
drawn  line  at  a  point  which  will  be  d.  So  proceed  as  far  as  de- 
aired. 

Cl^)  To  oricDt  llie  table/  The  operation  of  onentation  coii> 
Bists  in  placing  the  table  at  any  point  bo  that  its  lines  shall  havfl 
the  same  directions  oa  nhen  it  voa  at  previous  etaUcns  in  the  rauie 
Barvey. 

•The  Frenqb  plitMH,  To  moii  one's  tn%  raeaniiig  to  (leknuiDe  one'a  DMilioili 
tuually  Willi  respect  to  llic  fonr  quirteri  of  Lhe  liDUvem,  ar  «v-bjch  Uie  Orient  if 
die  leading  ow,  well  deaervei  uaiuratuBtiaD  iu  our  laiigungD. 
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With  a  compass,  tliig  ia  very  easiljr  effected  by  torumg  the  table 
till  the  needle  of  t}ie  attached  compass^  or  that  of  the  Declinator, 
placed  ia  a  fixed  position,  points  to  the  sanio  degree  as  when  at 
the  prenoua  etation,  ' 

Without  a  compass  the  table  13  oriented,  when  set  at  one  end  of 
ft  line  previously  detcnnined,  bj  eighting  hack  on  this  line,  aa  at  0 
m  the  Method  of  Progression,  Art.  (453). 

To  orient  tho  table,  when  at  a  station  iinconnected  with  others, 
id  more  difficult.  It  m&j  be 
effected  thus.  Let  ai  on  the  tar 
ble  represent  a  line  AB  on  the 
ground.  Set  up  at  A,  make  ab 
coincide  with  AB,  and  draw  a 
line  from  a  directed  towarils  a 
steeple,  or  other  conspicuous  ob- 
ject, as  S.  Do  tho  Bame  at  B.  Draw  a  lino  cd,  parallel  to  ai, 
and  intercepted  between  aS,  and  bS.  Divide  ab  and  cd  into  the 
&ame  numbicr  of  equal  parts.  The  table  is  then  prepared.  Now 
let  there  be  a  station,  P,  on  the  table,  at  which  the  table  is  to  be 
oncntcd.  Set  the  table,  so  that  p  is  over  P,  apply  the  edge  of  the 
ruler  to  and  turn  it  till  Uiia  edge  Cuta  cd  m  the  division  corre- 
sponding to  that  in  which  it  cuts  ab.  Then  turn  the  table  till  the 
Bights  point  to  ^,  and  the  table  will  be  Oriented. 

To  Gud  one's  plac«  on  tbd  groflndi    This  problem  may 
be  othenvise  e^ipressed  as  loterpehting  a.  polat  in  a  plat.    It  is 
most  easily  pel-formed  by  reversing  tho  Method  of  Intersection. 
Set  up  the  table  over  tho  ataUon,  ^'S- 
0  in  the  figure,  whose  place  on 
tho  plat  already  on  the  tabic  is 
desred,  and  orient  it.  by  one  of 
the  mcaas  described  in  the  litst 
article.    Slake  tho  edge  of  tho 
ruler  pass  through  &»ise  point,  a 
cra  the  table,  and  turn  it  till  tho 
eighta  point  to  the  corresponding 
statioa,  A  on  the  ground.    Draw  a  line  by  the  ruler.    The  deaired 
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point  13  Boraeirliere  in  this  line.  Make  the  ruler  pass  tlu-ongh 
ano'tber  point,  h  on  the  table,  und  make  the  sights  point  to  B  on 
the  grtmnd  Draw  a  second  lino,  auil  its  intersection  ivitli  the 
first  mil  bo  ibo  point  desired.  Using  C  in  t)ie  same  way  would 
giye  a  third  line  to  prove  the  irork,  Tliia  operation  may  be  used 
as  a  new  metliod  of  surveying  with  the  pkne-taJjle,  since  any 
mimljcr  of  points  can  have  their  places  fixed  in  the  same  manner. 

Tliia  problem  may  also  be  executed  on  the  principle  of  Trillnear 
Surveying.  Three  pintd  being  given  on  tlie  table,  lay  on  it  a  piece 
of  transparent  paper,  fix  a  needle  any  where  on  tliia,  and  with  the 
alidade  sight  and  draw  lines  towarda  each  of  these  three  points 
on  the  ground.  Then  uao  this  paper  to  find  the  desired  point,  f  re- 
ciaely  aa  directed  in  the  last  sentence  of  Art.  (398)^  page  277. 

(158)  Inaccessible  dlsiancesi  Many  of  the  prollcma  m  Part 
Vn.  can  be  at  once  Bolved  on  the  gi-ound  by  the  plane-table,  ance 
it  \i  at  the  same  time  a  Goniometer  and  a  Protractor.  Thus,  the 
Problem  of  Art.  (135)  may  be  solved  aa  follows,  on  the  principle 
of  the  construction  in  the  last  paragraj]3i  of  that  article.  Set  the 
table  at  C.  Mark  on  it  a  point,  c',  to  reprt-sent  C,  placing  <f 
vertically  over  C,  Sight  to  A,  B  and  D,  and  draw  corresponding 
lines  from  e'.  Set  up  at  D,  mark  any  point  on  the  line  dravl^l  from 
e'  towarda  D,  ami  call  it  J!.  Let  d'  be  exactly  over  D,  and  direct 
toward  C.  Thee  sight  to  A  and  E,  and  draw  corrcaponding 
lines,  and  their  intersections  with  the  lines  befuro  drawn  towards 
A  and  B  will  fix  poiiit-s  a'  and  h'.  Then  on  the  line  joining  a  and 
I,  given  On  the  paper  to  represent  A  and  B,  ah  hein^  equal  to  AG 
On  any  scale,  construct  a  figure,  ciftcii,  sUmhr  to  a'b'c'd'^  and  the 
libc  cd  thus  determined  will  represent  CD  on  the  samo  scide  as  AJt 


PAUT  IX, 


SURVEYING  WITHOUT  INSTRUMENTS. 

(459)  The  Priociplea  wliich  ivere  estafclblied  in  Part  I,  and  subse- 
quently applied  to  survejing  Tsith  Tarioua  instnunentsj  may  also  be 
employed,  ■ft'itli  tolerable  corrcctneaa,  for  determining  and  represent- 
ing  the  relative  positions  of  larger  or  smallpr  portions  of  the  earth's 
Burfaco  without  any  Instntments  but  sucli  aa  can  be  extoraporizeJ. 

The  prominent  olijecta  on  the  ground,  such  us  houses,  trees,  tlie 
summita  of  kills,  the  bends  of  rivcre,  the  crosslnga  of  roads,  kc, 
are  rcgajded  as  "points"  to  be  "determined."  Diatancea  and 
angles  arc  coa3e(|uently  req^uired.  Approximate  mctboita  0/ 
obtMoing  these  -will  therefore  be  first  given. 

(JfiO)  Dt^Iances  oy  pacin^i  Quite  an  accurate  mca^uremcDt 
of  a  line  of  ground  may  be  mode  bj  walking  over  it  at  a  umform 
pace,  and  counting  tho  steps  taken.  But  the  art  of  walkiog  in  u 
atraiglit  line  must  Crat  be  acquired.  'Xo  do  this,  fix  the  cje  on  two 
objects  in  the  doared  lino,  such  as  two  trcea,  or  buahea,  or  atonen, 
or  cufla  of  grass.  Walk  forward,  keeping  tho  Dearest  of  thirse 
objects  steadily  corering  tho  Other.  Before  getting  np  to  the 
neareet  object,  choose  a  new  one  in  line  farther  ahead,  and  then 
proceed  as  before,  and  so  on.  It  is  better  not  to  attempt  to  make 
each  of  the  paces  throe  feet,  but  to  take  ateps  of  the  natural  length, 
and  to  aseertaiQ  tbe  value  of  each  by  vralldng  over  a  known  dis- 
tance, and  dinding  it  by  the  number  of  paces  teqiurcd  to  traverse 
it,  livery  person  should  thus  determine  tho  usual  length  of  bis 
own  steps,  repeating  tho  experiment  sufficiently  cften.  The  French 
"Geographical  Engineers "  accustom  them$c!vcg  to  tak*  regular 
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Bteps  of  eigbt-tentha  of  a  nutre,  fq^ad  to  two  feet  seven  and  a  half 
inchea.  The  Englbh  military  pace  is  two  feet  and  b'ii  inches. 
This  li  regarded  as  a  usual  average.  108  such  pacta  per  miauto 
give  3.07  Eiiyhsh  miles  per  hour.  Quick  pacing  of  120  such  paces 
per  minute  gives  3.41  miles  per  hour.  Slaw  paces,  of  three  feel 
each  aud  GO  per  minute,  give  2.04  miles  per  hour.* 

An  instrument,  called  a  Pedometer,  haa  been  contrived,  ■which 
counts  the  steps  taken  one  wearing  it,  T>-ithaut  anj  attentioa  on 
his  part.  It  is  attached  to  the  body,  and  a  cord,  passing  from  it 
to  tho  foot,  at  each  step  moves  a  toothed  wliecl  one  division,  and 
Bome  interinediatc  wheelvFork  records  the  whole  number  upon  a  di&l. 

(161)  Distances  l>y  Tisnai  aBjrlcSi  Prepare  a  scale,  marking 
off  on  a  pencil  what  length  of  it,  when  it  i3  held  off  at  ann'a  length, 
a  man'a  height  appears  to  cover  at  difforctit  diataucca  ([ireviously 
measured  with  accurEicj)  of  lOO,  500, 1000  feet,  kc.  To  apply 
this,  when  a  man  is  seen  at  any  unknown  distance,  hold  up  tho 
pencil  at  arm's  Icngthj  making  the  top  of  it  come  in  tlic  luie  from 
the  eye  to  his  head,  and  placmg  the  thumb  nail  in  the  line  from 

I  Fig.  313. 

i 

th«  eye  to  his  feet,  as  in  Fig.  313.  Tlio  pencil  having  been  prcvU 
ously  graduated  by  tlie  method  above  exfdained,  the  portion  of  it 
now  intcreopted  between  these  two  lines  will  indicate  the  corre- 
sponding distance. 

If  no  previous  scale  have  been  prepared,  and  the  distance  of  a 
man  be  rcrjiurcd,  taKe  a  Pjob-rulc,  or  any  measure  mimitelj  divided, 
hold  it  off  at  arm's  length  as  before,  and  see  how  much  a  man's 
height  Covers.  Then  knowing  the  distance  from  the  eye  to  the 
rule,  a  statement  by  the  Rule  of  Three  (on  tho  princlplo  of  similar 
triangles)  will  give  tho  distance  rcriuired,  Sup|-03B  a  man's  height, 
of  70  inches,  covers  1  inch  of  tho  rule.    He  is  then  70  times  as  &r 

"  A  huMP,  on  ji  wait,  avei-aaes 330  feet  nprminurp,  nn  ti  tiiH  dZO,  bdiI  on  aeon 
taaa  gull'iji  ]().|o.    I'ur  luiigcT  time*,  iJir  JiiTLTi-ULu  hi  Imncn  is  niuno  apimrcyl. 
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from  the  ejc  as  the  rule ;  and  if  its  distance  bo  2  feet,  that  of  thft 
man  is  140  feet.  Instead  of  a  man'*  Iieiglit,  tliat  of  an  ordinary 
Loose,  of  an  apple-trcCf  (be  length  of  a  fence-raii,  A:c.,  may  bo 
be  taken  as  tho  standard  of  coinpnriaon. 

To  keep  the  arm  iininovalilc,  tic  a  string  of  known  lengtli  to  the 
pencil,  and  hold  bct^vecn  the  teeth  a  knot  tied  at  the  other  end  of 
the  string. 

<162)  BislaiLMS  by  Tisiiillly,  The  degree  of  visibility  of  vari- 
ous well-lnown  objects  will  ladicate  approsdmatcly  bow  far  distant 
they  are.  Thus,  by  ordinary  cyea,  tlio  windows  of  a  large  house 
can  be  eoanted  at  a  distance  of  about  13000  feet,  or  2  J  miles ; 
men  and  borsca  wlU  be  perceived  as  points  at  about  half  Uiat  dis- 
tance, or  1 J  miles  ;  a  horse  can  be  clearly  distinguished  at  about 
4000  feet ;  tlie  movementa  of  men  at  2,tj00  feet,  or  half  a  milo ; 
and  the  head  of  a  man,  occasionally,  at  2-500  fcot,  and  very  plainly 
at  ISOO  feet,  or  a  quarter  of  a  mile.  The  Arabs  of  .Mgeria  define 
a  mile  as  the  distance  at  which  you  can  no  longer  distinguish  a 
man  from  a  woman.'*  These  diatancos  of  visibiligf  will  of  course 
vary  somewhat  with  tha  state  of  the  atmosphere,  and  still  more  with 
individual  acuteness  of  sight,  but  each  pei*aon  ehould  make  a  corre 
fipondmg  scale  for  himself. 

(4C3)  Dislanres  by  soun>d>  Sound  passes  through  the  air  wth 
a  moderate  and  known  velocity ;  light  passes  almost  instantaneously. 
If,  then,  two  dEstant  points  be  visible  from  each  other,  and  a  gun 
bo  fired  at  night  from  one  of  thorn,  an  observer  at  the  other,  noting 
by  a  stop-watch  the  time  at  which  the  flash  is  seen,  and  then  that 
at  which  the  report  is  lie-ard,  can  tell  by  the  intervening  number  of 
seconds  how  far  apart  the  pointa  arc,  knowing  Iiow  far  sound  travela 
in  a  second.  Sound  moves  about  1090  feet  per.seconil  in  dry  air, 
with  the  temperatui'B  at  the  freczmg  point,  32'  rahrenhelt.  For 
higher  or  loner  temperatures  add  or  subtract  1|  foot  for  each  degree 
of  Fahrenheit.  If  a  wind  blows  with  or  against  the  movement  of 
the  sound,  its  velocity  must  be  added  or  subtracted.  If  it  blows 
obliquely,  tho  correction  will  evidenlly  equal  its  veloci^  muiyplied 
by  the  coaliie  of  the  angle  which  the  direction  of  tho  wind  makea 
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with  tiie  direction  of  the  sound.'  If  the  gtm  be  fired  at  each  end 
of  the  base  in  turn,  and  the  means  of  the  times  taken,  the  effect  of 
the  wind  will  be  eliminaterl. 

If  a  watch  is  n.ot  at  hand,  anapcnd  a  pebble  to  a  string  (such  m 
a  thread  dra\Tn  from  a  liiindkcrclilef)  and  count  its  vibrations.  If 
it  be  39J  inches  long,  it  will  iribrate  in  ono  second  ;  if  9J  inches 
longf  in  half  a  second,  &c.  If  Us  length  is  unknown  at  the  time, 
atill  count  its  vibrations  ;  meaauro  it  subsequently ;  and  then  i*t11 
the  time  of  its  Tibration,  in  ecconds,  =     ^Ictigth^of  Btring\  ^ 


(ifi'l)  Angle'Si  Right  angles  are  those  mo3t  freijuentl;  required 
in  this  kind  of  sun'ey,  and  they  can  be  estimated  by  the  eye  with 
much  accuracy.  If  other  angles  are  desired,  they  nill  he  deter- 
mined by  mcasimng  equal  diatances  along  the  lines  wliieh  make  the 
angle,  and  then  the  hno,  or  chord,  joining  the  ends  of  tiicse  diataa 
cea,  thus  fonning  chain  angles,  explained  in  Art*  (100). 

(165)  Wdhods  of  oprralion.  The  «  Fmt  Method"  of  deter 
mining  tho  position  of  a  point,  Art  (5),  is  tlie  one  most  generally 
applicable.  Some  line,  as  AB  in  Fig.  1,  is  paced,  or  otherwisa 
measured,  and  thea  the  lines  AS  and  BS  ;  the  point  S  is  thus  dc 
termincd. 

The  "  Second  Method,"  Art.  (6),  ii  also  much  employed,  the 
right  angles  being  obtained  by  eyCj  or  by  the  easy  methods  given 
in  Part  II,  Chapter  V,  Arts.  (110),  kc.  It  is  used  for  ofieta,  oa 
in  Part  H,  Chapter  HI,  Arts.  (114),  &.c. 

The  "  Tliird  Method,"  Art.  (7),  may  also  be  used,  the  angles 
being  determined  aa  in  Art.  (161). 

The  "  Fourth  Method,"  Art.  (8),  may  also  be  employed,  tho 
angles  being  &irailfir!y  determined. 

Tho  *'  Fiilh  Method,"  Art.  (10),  would  aeldom  be  used,  unless 
by  making  an  extempore  plane-table,  and  proceeding  as  directed 
iiQ  tlio  last  paragraph  of  Art.  (liS7). 

*  A  geiille,  pleaianl  wind  htu  n  veliu-ily  of  10  feet  per  (wcnnd;  n  bn*k  RkU 
£0  fed  piT  auconil  ;  o  very  briik  gnle  30  feel :  a  high  wimi  .'lO  Tprt ;  a  very  hi^h 
wind  70  fetl;  h  irnriu  nr  tcmpeil  80  fei-l  ;  n  s'^nl  ilorra  tllO  fve-l  ■  n  liiirricnae 
L3(f  feet;  Mt4  41  v-iulcat  liurriautc,  tliat  tesraup  livin. iSfc,       fi;c[  pur iccaud 
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The  method  referred  to  in  Art.  (11)  may  also  Le  employed. 

"When  a  sketch  has  made  some  progress,  new  points  may  h% 
fixed  on  it  by  their  being  in  Hne  with  others  already  detenoined. 

All  these  methods  of  operation  are  ahoini  in  the  following  figiur 
AB  b  a  line  paced,  or  otherwise  measured  approximately. 


Pig.  OH. 

M 


Tlie  hill  C  is  detenninod  hy  the  first  method.  Tlie  river  on  the 
other  Bide  of  AB  ia  determined  by  offieta  according  to  the 
Second  Method.  The  house  D  is  determined  by  the  Third  Method, 
EBF  being  a  chain  angle.  The  house  G  13  dletermined  by  tho 
Fourth  Method,  chain  angles  being  measured  at  B  and  II,  &  point 
in  AB  prolonged.  The  pond  K  is  determined,  aa  m  Art.  (11),  by 
tlie  intersection  of  the  alincments  CD  and  GH  prolonged,  Tho 
bend  of  the  rirer  at  L  ia  determined  by  its  distance  from  11  in 
tlie  line  of  AH  prolonged.  A  new  base  line,  HM,  b  fixed  by  a  chain 
angle  at  II,  and  employed  hke  the  former  one  so  as  to  fix  the  liiU 
at  N,  &c.  All  these  metliods  may  thus  be  used  collectively  and 
succesiirely.  The  necessary  lines  may  always  bo  ranged  with 
rods,  as  directed  in  Art.  (169) ,  and  Tery  many  cf  the  instniraental 
methods  already  explained,  may  be  practiced  with  extempore  cou- 
trivajicies.  The  use  of  the  Plane-table  b  an  admirable  prcpara' 
liaa  for  tliia  style  of  aun-ejing  or  sketching,  which  b  most  fre- 
quently employed  by  Military  Engineers,  though  they  generally 
uae  a  prismatio  Compass,  or  pocket  Sextant,  and  a  sketching  case, 
Which  may  serve  as  a  Phinetable. 
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MAPPING. 

CHAPTER  L 

COPnSG  PL1T8. 

(106)  TiiE  Plat  of  a  survey  nccessarilj  lias  111.111^7  Hnea  of  construo 
tion  tlraivn  upoE  !t,  wLich  are  not  needed  ia  the  finished  map 
Tbeac  Uiiea,  and  the  marks  of  ins^rumenta,  ao  disfigiire  the  [«apei 
that  a  fair  copj  of  the  plat  ia  usually  made  before  the  map  b 
Gmshed,  The  various  methods  of  copying  plata,  ke.,  whether  on 
tJic  same  acale,  or  reduced  or  enlarged,  wiU  therefore  now  ba 
described. 

(i63)  Strclcliing;  (he  paprn  If  tho  map  is  to  ho  colored,  tlie 
paper  must  first  bo  irctfcod  and  sti-cichcd,  or  the  application  of  tlifl 
wet  colors  will  cause  ila  surface  to  aitcll  or  blister  and  become  uneven. 
Therefore,  witli  a  soft  sponge  and  clean  ivatcr  wet  the  hack  of  tha 
paper,  working  from  tho  centre  outward  in  all  directions.  Tho 
water-marlt"  reada  corroctlj  only  when  looked  at  from  tho  front 
side,  which  it  thua  distinguishes.  Wlieu  tho  paper  id  iborotighljr 
wet  and  thus  greatly  expanded,  gluo  ila  edges  to  the  drawing  board, 
for  half  an  inch  m  width,  turning  them  up  agamst  a  nticr,  paaamg 
the  gluo  along  them,  and  then  turning  tbcnt  down  and  pressing 
them  with  the  ruler.  Swme  prefer  gluing  doivn  opposite  edgea  in 
EUCcesstOQ,  and  otLerd  adjoiiiliig  edgoa.  The  paper  must  bo  mod* 
rately  stretched  emooth  during  tho  process.  Hot  glue  is  beat 
Paste  or  gum  may  be  used,  if  tho  paper  be  kept  wet  by  a  damp 
tloth,  so  that  tho  edges  may  dry  first.     Jloutli-glue"  may  betiaed 
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l>y  nibbing  it  (molstoned  in  the  month  or  in  boiling  wa^er)  along  the 
tnttifid  up  edges,  and  tlicn  nibbing  them  dry  bj  an  ivorj  folder,  A 
piece  of  drj  paper  being  interposed.  As  tbid  h  a  slower  process, 
th«  middle  of  each  side  should  £rst  bo  fastened  down,  then  tlie  four 
angles,  and  lasUy  the  intermediate  jwrtiona.  When  tho  paper 
becomes  dry,  the  creases  and  pttckeringa  will  have  disappeared^ 
and  it  vrill  be  as  smooth  and  tli^ht  as  a  dntm-hearl- 

(168)  lopjin?  hj  tTMinS'  Fix  a  large  pane  of  clear  glass  in 
a  frame,  bo  that  it  can  be  supported  at  any  angle  before  a  T\-indow. 
or,  at  night,  in  front  of  a  lamp.  Place  the  plat  to  be  copied  oc 
thia  glass,  and  the  elean  paper  upon  it.  Connect  them  by  pins, 
kc.  Trace  ail  the  desired  lines  of  the  original  with  a  sharp  pencil, 
as  lightly  as  they  can  be  easily  Been.  Take  care  that  the  paper 
does  not  slip.  If  the  plat  is  larger  than  the  glass,  copy  its  parts 
Slice cssively,  being  very  careful  to  fix  each  part  in  its  true  relative 
position.  Ink  the  linos  nith  India  ink,  making  them  veiy  Snc  aud 
pale,  if  the  map  is  to  he  afterwards  colored. 

(169)  Copying  on  (racinfr  paper.  A  thin  transparent  paper  is 
prepared  expressly  for  the  purpose  of  making  copies  of  maps  and 
dranringa,  hut  it  is  too  delicate  for  much  handling.  It  may  be  pro* 
jorod  by  Boaking  tissue  paper  in  a  nurture  of  turpentine  and 
Canada  balsam  or  balsam  of  fir  (two  parts  of  the  former  to  one  of 
tho  latter),  and  drying  very  slowly.  Cold  drairn  Unseed  oil  mil 
answer  tolerably,  the  sheets  being  hung  up  for  some  ■weeks  to  dry. 
linen  is  also  similarly  prepared,  and  sold  under  the  name  of 

Velimn  tracing  jiaper."  It  is  leas  transparent  than  the  tracing 
paper,  but  is  rery  strong  and  durable.  Both  of  these  are  used 
rather  for  preserviiig  duplicates  than  for  finished  maps. 

(130)  f  opyifl^  by  iraasfer  paper.  This  is  thm  paper,  one  side 
of  which  is  ruhhed  with  blacUead,  &c.,  smoothly  spread  by  cotton. 
It  is  laid  on  the  clean  paper,  the  blackened  side  downward,  and 
the  plat  is  placed  apon  it.  All  the  lines  of  tho  plat  are  then  gone 
over  with  moderate  pressure  by  a  blunt  point,  such  as  the  eyenjnd 
af  a  email  needle.    A  faint  tracing  of  these  lines  Trill  then  be  foimd 
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on  the  clean  paperj  and  can  "be  inked  at  leisure.  If  the  originai 
cannot  be  tliua  tixated,  it  maj  fii*st  be  copied  on  tracing  paper, 
and  thia  copy  be  thus  transferred.  If  tlie  transfer  paper  be  pre- 
pared by  nilljing  it  with  lampblack  ground  up  with  hard  soap,  its 
liaea  will  bo  inefiaceablc.    It  is  tlien  called  "  Camp-papCr." 

(171)  Copying  by  punctarcSi  Fis  the  cleaa  paper  on  a  draw- 
ing board  and  the  plat  over  it^  Prepare  a  fine  needlo  wilh  a  seal- 
ing-wax licad.  Hold  it  rery  truly  perpendioular  to  the  board,  and 
prick  through  every  flugle  of  the  plat,  and  every  comer  and  intei^ 
section  of  its  other  linea,  auch  as  houses,  fences,  Or  at  least 
the  two  cntla  of  every  line.  For  circles,  the  centre  and  one  point 
of  the  circumference  are  Sufficient.  For  irrCs«lar  curves,  SUCh  03 
rivera,  kc,  enough  points  must  be  pricked  to  indicate  all  their 
sinuosities.  Work  iff'ith  system,  finishing  up  one  strip  at  a  time. 
So  not  to  omit  any  necessary  points  nor  to  prick  through  any 
twice,  though  tlie  latter  is  Safer.  ^Vhen  Completed,  remove  tlia 
plat,  The  copy  will  preaeEt  a  wUdenieaa  of  fine  points.  Select 
those  which  detenalae  thft  leading  lines,  and  then  the  reat  will  bo 
easily  recoguizcd,  A  hegiuner  should  first  pencil  the  lines  lightly, 
aud  then  ink  them.  An  experienced  droftemaa  will  omit  the  pen- 
cilling. Two  or  three  copies  may  ha  thua  pricked  through  &t  once. 
The  holes  in  the  original  plat  may  be  made  nearly  invisible  by 
rubbiag  them  on  the  back  of  the  sheet  with  a  papor-folder,  or  tho 
thumh  Qctil, 

(172)  tftpyfBEI  by  Intf  rGCCtloilS.  Draw  a  line  on  the  clean  paper 
cq,ual  in  length  to  some  important  Ike  of  the  original.  Two  start- 
ing points  arc  thus  obtfuaed.  Take  in  the  dividers  the  distaace 
from  one  end  of  the  line  on  the  original  to  a  third  point.  From 
the  corresponding  end  on  the  copy,  describe  an  arc  with  thia  dis- 
tance for  radim  and  about  where  tho  point  will  come.  Take  the 
distance  on  the  original  from  tho  other  end  of  the  line  to  the  point, 
and  describe  a  corroapoudiog  arc  on  the  copy  tt>  intersect  the 
former  arc  in  a  point  which  will  be  that  desired.  Tho  pi-ineiplo 
of  the  operation  is  that  of  our  "First  Method,"  Art,  (5).  Two 
Doirs  of  dividers  may  be  used  as  explained  in  Art.  (99).   "  Tri- 
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angular  cjmpasses^"  haviD;^  tliree  lega,  are  used  by  fixing  two  ol 
their  legs  oa  the  two  given.  point3  of  the  orlginaJ,  and  the  third  leg 
OQ  the  point  to  be  copied,  and  then  transferring  them  to  the  oopj. 
All  the  pomts  of  the  original  can  thug  be  accnratelj-  reproduced. 
The  operation  is  however  vcrj  sIott-  Only  the  chief  points  of  a 
plat  ma.y  be  thus  tnutsferrcd,  and  the  details  filled  in  by  tho  fol- 
lowing method. 

(47J)  CopyiDg  by  sqaans*  On  the  ori^nal  pUt  draw  a  aeriea 
of  parallel  and  cqmdtatant  lines.  The  T  £qna.re  does  this  mo&t 
MEidilj.  Draw  a  aimilar  scries  at  right  angles  to  these.  The  plat 
i^'ill  then  be  covered  with  squares,  as  io  Fig.  38,  page  4S,  On 
tiie  clean  paper  drair  a.  similar  series  of  squares.  The  importaut 
points  may  now  be  fixed  as  in  the  last  article,  and-  the  rest  copied 
hj  eye,  all  the  points  in  each  square  of  the  original  leing  properly 
placed  in  tho  corresponding  square  of  tho  copy,  noticing  whether 
they  BTc  near  the  top  or  bottom  of  each  square,  on  its  right  or  loft 
Bide,  &c.  This  method  is  rapid,  and  in  skilful  hands  quite  aceu- 
rate. 

Instead  of  dra-wiug  lines  on  the  original,  a  sheet  of  transparent 
paper  containing  them  may  bo  placed  orer  it ;  or  an  opeo  franiB 
with  threads  stretched  across  it  at  equal  dishmces  and  at  right 
angles. 

This  method  supplies  a  transition  to  the  Seduetion  and  Enlartje- 
ment  of  plats  in  any  dcared  ratio ;  under  which  head  Cojfi/tngby 
the  Fantagraph  and  Camera  Lucida  iriU  be  noticed. 

(Ill)  Reducing' ItJ"  squarPS.  Begin, asiuthepreecdingarticle, 
by  drawing  squarea  on  tlie  original,  or  placing  thom  over  it.  Then 
on  the  clean  paper  draw  a  eimilar  set  of  aquarea,  but  with  their 
sides  one-half,  one  third,  &e.,  (according  to  the  desired  reduction), 
of  those  of  tie  original  plat.  Then  proceed  aa  before  to  copy  into 
each  small  square  all  the  points  and  lines  found  in  the  large  square 
of  the  plat  in  their  true  pomtiong  relative  to  the  sides  and  comers 
of  the  square,  ohaerving  to  reduce  each  distance,  by  eye  or  as 
Erected  in  the  following  article,  in  the  ^ven  ratio. 
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(47$)  Rtdnctn?  by  proportional  scalcsi  Many  grapLical  me- 
tJioda  of  finding  the  proportio.nat&  length  on  the  copy,  of  any  line  of 
tlio  original,  may  be  uaed.  The  "Angle  of  redaction"  is  con 
Btnieted  thus.  Draw  mj  line 
AE.  Wit!)  it  for  radius  and  A 
for  centro,  describe  an  indefinite 
arc.  With  B  for  centre  an!  a 
radius  equal  to  one-lialf,  one-third, 
kn.,  of  AE  according  to  the  de- 
sired redaction  describe  another  A  D  b 
arc  intersecting  tha  former  are  in  C.  Join  AC.  From  A  as 
centre  describe  a  series  of  arcs.  Now  to  reduce  any  distance, 
take  it  m  the  dividers,  and  set  it  off  from  A  on  AB,  as  to  D.  Tlieii 
the  distance  from  D  to  E,  the  other  end  of  the  arc  passing  through 
D,  will  be  the  proportionate  length,  to  be  set  oIFon  the  copy,  in  the 
manner  directed  in  Art.  (472). 

The  Sector,  or  "  Compasa  of  proportion,"  described  in  Art  (51), 
presents  sucli  an  "Angle  of  reduction,'*  always  ready  to  be  used 
in  this  manner. 

The  "Angle  of  reduction"  may  be  Bimpllfied 
thus.  Draw  a  lino,  AB,  parallel  to  one  sldo 
of  the  drawing  board,  and  another,  BC,  at  Tight 
angles  to  it,  and  one-half,  &e.,  of  it,  as  desired. 
Join  AC.  Then  let  AD  be  tho  distance  re- 
quired to  bo  reduced.  Apply  a  T  square  bo 
aa  to  pass  through  D.  It  will  meet  AC  in 
some  point  E,  and  DE  will  be  tho  reduced 
length  required. 

Another  arrangement  for  the  same  object  is  shown  in  Fig.  317, 


Draw  two  lines,  AE,  AC,  at  any  angle,  and  de- 
scribe a  series  of  arcs  from  their  intersection.  A, 
as  in  the  figure.  Stippoae  tlio  reduced  scale  in  to 
be  half  the  original  scale.  Divide  the  outermost 
arc  into  three  equal  parts,  and  draw  a  Ime  from 
A  to  one  of  the  points  of  division,  as  D.  Then 
each  arc  ivill  be  divided  into  parts,  one  of  which 
is  twice  the  other  .  Take  any  distance  on  tho  ori- 
ginal scale,  and  find  by  trial  which  of  the  area  on 
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the  right  hund  side  of  the  figure  it  corresponds  to.  The  otter  par! 
of  that  arc  iriil  be  half  of  it,  as  desired. 

"ProportionaJ  compasses,"  teing  properly  set,  reduce  Ikes  in 
acj  decreet  ratio.  A  Bimple  form  of  them,  knonu  aa  '*  Wholes 
nod  halves,"  is  often  useful.  It  consists  of  two  slender  bars,  poiiiti^d 
at  each  end,  smd  united  hy  a  pivot  n-hich  i?  tnieo  as  far  frois 
on«  pwr  of  the  points  aa  from  the  other  pair.  The  long  enda  being 
Bet  to  any  distance,  the  short  ends  vriH.  give  precisely  half  that  dis- 
tnnce. 

(176)  RednctDg'  l»y  a  panta^aph.   This  instrument  consista  of 

two  long  Eind  two  sliort  rulers,  connected  bo  as  to  form  a  paraltelo 
grsim,  and  capable  of  being  so  adjusted  that  when  a  tracing  point 
attached  to  it  is  moved  over  the  lines  of  a  map,  &e-,  a  penct] 
attached  to  another  part  of  it  will  mark  on  papor  a  preciae  copy, 
reduced  on  any  gualo  desired.  It  ia  made  iin  various  forms.  It  ia 
troublcgomo  to  use,  though  rapid  in  its  work. 

(173)  Reducing:  by  a  camera  lacjda.  This  i$  used  in  the  Coast 

Survey  Office.  It  cannot  reduce  smaller  than  one-fourth,  Tvithout 
losing  distinctness,  and  is  very  trying  to  the  eyes.  Squares  drairn 
on  the  original  are  brought  t«  apparently  coincide  with  squares  OD 
the  reduction,  and  the  details  are  then  filled  in  with  the  pencil,  as 
seen  through  the  priam  of  tlie  instrument. 

(178)  Enlarging  plate.  Plata  may  be  enlarged  by  the  princi- 
pal incthoda  -which  have  been  given  for  reducing  them,  but  thia 
should  to  done  0$  seldom  as  possible,  eince  every  inacctiracy  in  ^e 
original  becomes  magnified  in  the  copy.  It  is  better  to  make  A 
new  plat  irom  the  original  data. 


CHAPTER  II. 


079)  Various  conventional  signs  or  marks  liave  been  adopted, 
more  or  leas  generally,  to  represent  on  maps  tho  mcqualitics  of  tie 
Buiface  of  tho  ground,  its  different  Idatls  of  culture  or  natural  pro- 
ducts, and  the  objccta  upon  it,  bo  aa  not  to  encumber  and  disfigure 
it  wit^  much  writing  or  many  descriptive  legends.  This  is  t]ie 
purpose  of  what  ia  called  Topographkal  Slapping. 

(JSO)  The  relief  of  groiiBdt  Tlic  inequalities  of  the  surface 
of  the  earth,  it3  elevations  and  depressions,  its  lulls  anil  hollows, 
constitute  its  "Relief."  The  representatjon  of  thia  ia  sometimes 
called  "  Ilill  drawing."  Its  difficulty  aiisea  £,-om  our  being  accus- 
tomed to  see  hiOs  sideways,  or  "  La  elevation,"  whilo  they  must 
be  represented  as  they  would  be  seen  from  above,  or  "  in  plan." 
Various  modes  of  thu3  Jrawmg  them  are  used  ;  their  positions  being 
laid  doira  in  pencil  as  previously  filcctched  by  eye  or  measured. 

If  light  he  supposed  to  fall  verticaUi/,  the  alopes  of  the  ground  vill 
receive  less  light  in  proportion  to  their  steepness.  The  relief  of 
ground  will  be  indicated  on  this  principle  by  making  tlje  steep 
slopes  very  dai'k,  the  gentler  inchnatlona  less  so,  and  leaving  the 
level  snrfaces  white.  The  shadea  may  bo  produced  by  tints  of 
India  ink  applied  with  a  bruah,  their  edges,  at  the  top  and  bottom 
of  a  hill  or  ridge,  being  softened  off  with  a  clean  brush, 

If  light  be  Bupposcd  to  fall  ohUqtiehji  tho  elopes  facing  it  wiU  be 
light,  and  those  turned  from  it  dark.  This  mode  is  effective,  but 
not  precise.  In  it  the  light  is  usually  supposed  to  come  from  tho 
upper  lefii  hand  comer  of  the  map. 

Rorizontal  contour  lines  are  however  tho  best  convention  for 
this  purpnse.  Imagine  a  hill  to  bo  eliced  off  by  a  number  of  equi- 
distant horizontal  planes,  and  their  intersections  with  it  to  bo  drawn 
u  they  -rroold  be  seen  from  abovej  or  horizontally  pnjeoted  on  tho 
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map.  TlK'dc  are  "  Contour  lines,''  Jhcy  arc  tht  same  Imea  at 
would  be  formed  ly  iratcr  surrounding  tho  hill,  and  lising  one  foot 
at  a  time  (or  any  other  boight)  till  it  reached  the  l-^p  of  the  bill. 
The  edge  of  the  water,  or  ita  slwra,  at  each  eucc^asive  viae,  -n-ould 
bft  one  of  these  horisoDtal  contour  lines,  ft  h  plain  that  their 
nearness  or  distajico  on  the  map  would  indicatt  the  steepness  or 
gentleneaa  of  llie  dopes.    A  right  cone  would  tims  he  reprc* 

Fig.  318.  Fig.  313.  Fig.  320. 


ecnted  by  a  series  of  concentric  circles,  as  in  Fig.  318  ;  an  oblique 
con«  by  circles  not-  concentric,  but  nearer  to  each  oilier  on  the  ftttfip 
eide  tlian  on  the  other,  aa  in  Tig.  319  ;  and  a  half-egg,  somewbat 
as  in  Fig.  820. 

Vertical  tfctiotit,  perpendicular  to  these  contour  lines,  are 
usually  combmed  with  them.  They  are  the ''Lines  of  greatest 
slope,"  and  may  he  supposed  to  represent  water  numing  down  th« 
eidea  of  the  hi!l.  They  aro  also  made  thicker  and  nearer  togetter 
on  the  steeper  alopcs,  to  produce  the  effect  required  by  th.0  convon- 
tion  of  vertical  light  Hg.  3ii. 

already  referred  to. 
The  mnj-ginal  figure 
ehuTTS  an  elongated 
halfegg,  or  oral  lull,  ^| 
tliua  represented. 

The  spaces  between 
the  rows  of  vertical  '^^VIS^M'. 
"  Hatchinga"  indicate 
the  contour  lines,  which  are  not  actually 'ir,i'.wi.  The  beauty  of 
the  graphical  execution  of  this  work  depends  on  tlic  nnifonai^  d 
the  strokes  rcpreseating  unifona  slopes,  on  their  perfectly  regular 
gradation  in  thicknesa  aikd  neamesa  for  varying  slopes,  and  on 
their  being  made  precisely  at  right  angles  to  tlie  coDtOUf  liuM 
between  which  they  are  situated. 
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TLe  methoda  of  determining  the  contour  lines  are  applications 
of  LcvdliDg.  and  will  tbciruforG  be  poatponcii,  together  mth  the 
farther  dctaila  of  "  lliU-drafling,"  to  the  volume  treatins  of  that 
subject,  Tihich  is  aQnoonced  in  the  Preface. 

(JSII)  Signs  fur  uatiirai  surface^  Sand  is  represented  hy  fiot 
dots  made  with  th«  point  of  the  pen;  {gravel  by  coarser  dots. 
Itoeks  are  drawn  in  their  proper  places  in  irregular  angular  forms, 
ituiUtiu^  their  true  appea^rancc  as  seen  from  above.  1h(s  oatore 
of  the  rocks,  or  the  Crc&loffi/  of  the  conntry,  may  be  shorn  by  apply- 
mg  the  proper  znhrs,  &3  agreed  on  by  gcologiata,  to  the  back  of 
the  map,  m  that  they  may  be  seen  by  hulding  it  up  a^aiu3t  the 
lig-ht,  while  they  will  thus  not  eoufuso  Uie  usual  details. 

(182)  Sisns  for  VfRftatiftii,    Woods  are  represented  hj  scol- 
loped circles,  itreguliirly  disposed,  fis-  as2. 
imitathig  trcea  seen  "  in  plan,"  and  e5^^Q'-Q>  p 


closer  or  farther  apart  according  to  ^"^^  '^^'^  ^^^iJ^.', 
the  thicktitsa  of  the  forest.   It  is  "C^V^-^C^^ 


usual  to  shade  their  lower  and  right  •'^i,  , 
hand  sides  and  to  represent  their 
shadows,  aa  in  the  figure,  though,  in  stnchicsa,  tlii3  ia  iueonsistent 
ynih  the  Jiypothesis  of  vertical  light,  adopted  for  "  hill-di-aivin^." 
For  pine  flTid  similar  fiireats,  the  signs  may  have  a  st^ir-iike  form, 
as  on  the  right  hand  side  of  the  figure.  Trees  are  fioraetinies 
drawn  "  in  elovation,"  or  sideways,  aa  usually  seen.  Thia  makes 
them  more  easily  recognized,  but  is  in  utter  violation  of  the  princi- 
ples of  mapping  iji  horizontal  projection,  though  it  may  ho  defended 
B8  a  purj  convention.  Ort:M>'d$  are  represented  Ly  trees  arrang- 
ed in  rows.    Bitsha  may  be  dra;ra  like  treea,  but  smaller. 

Grnstt-land  13  drawn  with  irregularly  Fig.  933, 

Bcatlfired  greaps  of  short  lines,  as  iu  the  "^^I^]!;^^  ^vv 
figure,  the  hnes  being  arranged  in  odd 

iiumbers,aiid  so  that  the  topof  each  group  is    .Cji'*^;^^::^^  ^J^l" 
convex  and  its  bottom  horizontal  or  parallel  ''^^^'^^2:^!t^ 
to  the  base  of  the  drawing.    Mcadon's  ara        *•*■ -«^~-*»*-^  ^''^ 
•omotimes  represented  by  pairs  of  diverging  lines,  (as  on  the  right 
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of  the  figure),  wLioh  may  "be  regarded  as  tall  blades  of  grass. 
UncuUimUd  land  is  indicatecl  by  appropriately  intermmglmg  tlie 
signs  for  grass  lanJ,  bushes,  sand  Qod  rocks.    Cultivated  land  is 
Bhonn  by  parallel  rows  of  brolceQ  and  dotted  Fig. 
lino3,  03  in  tlie  figure,  representing  furrows.  ji|||i'i!M|i  j  I 
Cm^>9  are  so  temporary  tLat  signs  for  tlieni  are  jjjij  I  ijilj  j  j 
unnecessary,  tlii>ugh  oftcttiLSod.    Tli^ey  are  iiau-  [ijjj  |  \\\\\  j  { 
ally  Loiitative,  as  for  cotton,  sugar,  tobacco,  rice,  Er~-^^^TV"i^ 
rinea,  hops,  kc.    Cfardens  are  drawn  with  cir-  L I-I- HL 
cular  and  other  bedd  and  walks. 


(483)  Signs  for  walcr.  The  Sea-coast  13  lepresented  hy  draw- 
ing a  line  parallel  to  tiic  sliore,  following  all  iU  windingB  and  inden- 
tations, and  as  close  to  it  as  possible,  then  another  parallel  line  n 
little  more  distant,  then  a  third  still  more  distant,  and  so  on. 
Examples  are  seen  111  figures  287,  kc.  If  these  lines  are  drawn 
from  the  low  tide  mark,  a  similar  sflt  may  bo  drawn  bctweeu  that 
and  the  high  tide  mark,  and  dtits,  for  sand,  he  made  o('er  the 
included  space.  Hlvers  have  each  shore  treated  like  tiie  eea 
shore,  as  in  the  figures  of  Part  VII.*  Brookn  would  be  shown  by 
only  two  lines,  or  one,  according  to  their  inagnitudo.  Ponds  may 
be  drawn  like  sea  shores,  or  represented  by  Hy.  3  Jo. 

partdlet  horizontal  lines  ruled  across  them.  "~    .-  -lT^ 

Marshu  and  Swamps  are  represented  by  an  "^z--^-^^ — 

irregular  intermingling   of  the  preceding  ^  -:i^-^^'^-.7^ 

sign  with  that  for  grass  and  bushes,  as  in  the  Zj^^  ^^X- v^^^ 
figure.  '^"^  .=■■  -■- 

(iSI)  Colored  Topography!  Th&  conventional  signs  whicli  have 
been,  described,  as  made  with  the  pen,  require  much  time  and 
labor.  Colors  are  generatly  used  by  the  French  as  substitutes  for 
them,  and  combine  the  advantages  of  great  rapidity  and  effective- 
ness. Only  ihroc  colors  (besides  India  iuk)  arc  required ;  viz. 
Oa>nbo<je  (yuUow),  Indl'fo  (Hue),  and  Lake  (pink).  Sepia, 
Burnt  Siennii,  Ycllovr  ochre,  Tied  lead,  and  Vermillion,  are  also 
eomctiiftfia  used.    Tlio  lust  three  are  difficult  t«  work  with.  Tc 

'  TUoie  ill  Pan  II,  Ohninrr  V,  bave  the  llau  luo  cIiim  togeitier  in  tba  midilte. 
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use  the3&  palaU^  moiet&a  the  cad  of  a  cake  md  tah  it  up  tvith  & 
drop  of  water,  sifterwarda  tiUuting  this  to  tlj&  proper  tint,  ivliieh 
flhouUl  al^'ij-a  bo  light  anii  delicate.  To  cover  &tlj  3arfa?e  vritli 
a  unifonn  fiat  tint,  use  fl,  krgc  camel's  liaii*  or  sable  brush,  keep  it 
alwija-  moderately  full,  incline  tlio  board  towards  you,  previously 
moisten  tlio  paper  with  clean  water  if  tlic  outline  ia  very  irregular^ 
begin  at  the  top  of  the  surface,  apply  a  tint  across  tise  upper  part, 
an,d  continue  it  do^iraria,  na-er  letting  the  edge  dry.  This  last 
13  the  secret  of  a  emooth  tint.  It  rci^uiros  rapidity  in  returning  to 
the  beginnin;!  of  a  tint  to  continue  it,  and  dexterity  in  foUofting  the 
outline,  Msrhh'ng,  or  variegatioii,  is  produced  by  Laving  a  brush 
at  each  end  of  a  stict,  one  for  each  ■color,  and  applying  first  one, 
and  then  the  other  beside  it  before  it  dries,  so  that  they  may  blend 
but  not  mix,  and  produce  an  irregularly  cloud&d  dppeanuiCP. 
Scratched  parts  of  the  paper  maybe  painted  over  by  fii'sfc  applying 
strong  alma  water  to  the  place. 

The  conventions  for  colored  Topography,  adopted  by  the  French 
Military  Engineers,  are  as  follows.  ^\ odds,  i/ellotff ;  using  gam- 
boge and  a  very  little  indigo.  Grass-lakd,  green;  made  of 
gamboge  and  indigo,  Citltivated  land,  Iromi;  lake,  gamboge, 
and  a  little  Inilia  ink.  '■  Burnt  Sienna"  will  answer.  Adjoining 
fields  &hou!(i  be  slightly  variud  in  tint.  Somotimea  furiv>ivi^  aro 
indicated  by  strips  of  varioiia  colors.  Gardkss  aro  repreaentej 
by  small  reetnagudar  patches  of  brighter  gyem  and  brovm.  Uir- 
cuLTiVATEi)  LAND,  marblcd  green  anil  light  brown.  Bursn. 
brassbi.es,  kc,  marbled  ^reen  and  yelloie.  IIeatii,  FriiZE,  &c., 
marbled  ^rrecH  and  pjii.  Vineyards,  ^jjirjj/e;  lake  and  indigo. 
Sands,  a  light  hroicn  ;  gambcge  and  lake.  "Yellow  ochre"  will 
io.  Lakes  and  riveks,  light  hJite,  with  a  darker  tint  on  thtnr 
upper  and  loft  hand  sides.  Seas,  dark  Hue,  with  a  little  yellow 
added.  JlAr-snES,  the  Hue  of  water,  with  sixjts  of  grass  ffreen,  Iho 
touches  all  lying  horizontally.  Roads,  hroivii  :  between  the  tints 
for  sand  and.  cultivated  ground,  with  more  India  Ink.  Hills, 
f/rrsnush  brown;  gamboge,  indigo,  lake  and  India  mk,  instead  of 
tlio  pure  India  ink.  directed  in  Art.  (J80).  Woods  may  be 
finialied  up  by  drawing  the  trees  as  in  Art.  (4S*)  and  coloring 
them  green,  with  touches  of  gamboge  towards  the  light  (the  uppei 
and  Icf^  hand  Eiile)  and  of  indigo  on  the  opposite  side. 
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(4S5>  Signs  f<ir  idrtacliei  objeclst  Too  great  a  number  of  thcso 
ivill  cause  confusioa.  A  few  leading  oaes  will  be  givcii)  the  mcaa- 
in^  of  ffhicL  are  aiiparent. 


Couj-t  house. 

ft^  3'2G. 

CX3J1. 

Post  ojice. 

iS'^eam  miU, 

Tavern, 

Furnace, 

S  33a. 

WwlUn  faetori/j 

Guide  board, 

1  330. 

Cotton  factory, 

0  338. 

Quany, 

X  331- 

Glass  uvrlcs^ 

eSs  339 

Grist  mill, 

O  333, 

Churehf 

S  310. 

Sato  mill, 

<3  333. 

G  rave  yard^ 

An  ordinary  Iionse  is  dravm  ia  its  true  position  and  eizi?,  and  the 
ri<lgo  of  Ita  roof  ehown  if  the  scale  of  the  map  is  largo  enough. 
On  X  rafj  email  scale,  a  email  shaded  rectangle  represents  it.  If 
colors  are  used,  buildings  of  masoniy  Are  dated  a  deep  crimson, 
(iriih  lake),  and  tliOSO  of  "wOod  with  India  ink.  Their  lower  and 
right  hind  aides  arc  drft'ftn  mth  header  lines.  Fences  «f  st&ne  at 
vood,  and  hedges,  may  ha  drawn  in  imitatioD  of  Ihe  realises ;  and, 
if  desired,  colored  appropriatclj. 

Minci  may  be  represeated  ly  Uic  signs  of  the  planets  which 
ircre  anciently  associated  witli  the  varioua  tnctals.  Tltc  sigoa  here 
pvGn  represent  resp«ctivel7, 

Gold,   Silver,   Iron,   Copper,   Tin,   Lead,  Quicksilver. 

O         3        5  «        2(       ^  if 

A  large  hlack  circle,  # ,  may  be  used  for  Coal. 

BomJarif  lines,  of  private  properties,  of  townships,  of  countieg, 
and  of  states,  may  to  ini^cated  by  lines  formed  of  various  combi- 
oationa  of  short  lines,  dots  and  croasca,  as  below." 


+  +  +  ++  +  +  +  +  +  +  +  +  +  +  +  +  + 

■  Very  niimtle  directions  for  ihe  picciiliDn  ihc  del  ails  Jcsrril*cl  in  thijcbnp 
>r,  ara  givpa  in  Llf  ut.  R.  S.  Sinitli'a  "  Tcpn^apliicnl  Drawlug.''    Wllvf   N.  I. 
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CHAPTER  nr. 

FlKlsntNG  THE  RIAf. 

(188)  Orlentaliou.  The  map  is  usually  so  drawn  that  tho  top 
of  the  paper  may  represent  the  North.  A  Meridian  line  should 
also  he  drawn,  both  True  aud  Ma^etic,  as  in  Fig.  199,  page  189. 
Q.1je  number  of  degrees  and  minutes  In  the  Variation,  if  knoTm, 
should  also  be  placed  between  tho  two  Nortli  foints.  Sometimes 
a  compaas-star  ia  drawa  and  made  Tery  omamental. 

(4S?)  LcUerlllgk  The  atjla  in  wliich  this  ia  done  yerj  much 
aSects  the  gencitd  appearance  of  the  map.  Tho  young  survejO'r 
should  give  it  much  attention  and  careful  practice.  It  must  all  bo 
in  imitation  of  the  best  printed  models.  No  writing,  however 
beaudful,  ia  admiaaible.  The  usual  lettera  are  the  ordinary 
ROMAN  CAPITALS,  SmaU  Roman,  ITALIC  CAPITALS, 
Small  ItaUt;  and  GOTHIC  OR  EGYPTIAN.  Thislast, 
when  well  done,  i3  very  eflective.  For  tho  Titles  of  maps,  yarioua 
fancy  letters  may  bo  used.  For  very  largo  letters,  tliose  formed 
only  of  the  shades  of  tlie  letters  regarded  as  bloclia  (the  body  being 
rubbed  out  aflier  being  pencilled  as  a  j;uido  to  tho  placing  of  the 
Shadea)  are  mi>st  easily  made  to  look  -well.  The  simplest  letterbg 
ia  generally  the  best.  The  sizes  of  the  names  of  pliicea,  &c.,  should 
he  proportional  to  their  importance.  Elaborate  tables  for  various 
acalea  luve  been  published.  It  \a  better  to  make  the  letters  too 
small  than  too  large.  They  should  not  be  crowded.  Pencil  lines 
ahoald  always  be  ruled  as  guides.  Tho  lettering  should  lic  in  lines 
parallel  to  the  bottom  of  the  map,  excejit  the  names  of  rivers,  roads, 
&c.,  whose  general  course  sliould  be  followed. 

BorderSi  The  Border  may  he  a  single  heavy  lino, 
enclosing  tlic  map  in  a  rectangle,  or  such  a  line  may  be  relieved 
by  a  finer  line  draivn  parallel  and  near  to  it.  Time  should  not  be 
\Yastod  in  ornamenting  the  border.    The  simplest  is  tho  beat. 
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(IS9)  Joining  paper>  If  the  map  is  larger  &an  tbc  slieets  of 
paper  at  hand,  thcj  Bhould  Is  joined,  with  a,  fcathciMfdge,  by  pro- 
ceeding tliug.  Cut,  with  a  knife  gaidecE  by  a  ruler,  about  one- 
third  through  the  thickncsa  of  the  piper,  and  tear  off  on  the  under 
Bide,  a  strip  of  the  rfmaining  tlueknes9,  so  as  to  leave  a  thin,  eharp 
edge.  Treat  the  other  sheet  in  the  same  way  on  the  other  aide  of 
it.  When  these  two  feather  edgea  are  then  put  together,  (with 
past*,  glua  or  vamiah),  they  will  make  a  neat  and  strong  joint. 
Tlie  sheet  ■wliieh  rests  upon  the  otLer  must  be  on  the  right  hand 
Mdc,  if  the  sheets  are  joined  lengthways,  or  below  if  they  are  joined 
in  that  direction,  so  that  the  thickness  of  the  edge  may  not  cast  a 
shadow,  when  properly  placed  as  to  the  light.  The  sheets  must 
be  joined  before  linos  aro  drawn  across  them,  or  the  lines  will 
become  distorted.  Oraiving  paper  is  now  made  in  rolls  of  groat 
length,  80  as  to  render  this  operatioQ  unnecessary. 

(190)  Moiinlius  maps.  A  map  is  somctomea  required  to  be 
mounted,  i.  c.  backed  witli  canvas  or  muslin.  To  <lo  this,  wet  Uia 
muslin  and  stretch  it  strongly  on  a  board  by  tacka  driven  very 
near  together.  Cover  it  with  strong  paste,  beatbg  this  in  vritli  a 
brush  to  fill  up  tlio  pores  of  the  muslin.  Then  spread  paste  over 
the  back  of  the  paper,  and  when  it  has  soaked  into  it,  apply  it  to 
the  muslin,  inclining  the  board,  and  pasting  first  a  strip,  about  two 
inches  wide,  along  the  uouer  side  of  the  paper,  pressing  it  dovra 
with  clean  linen  in  order  to  drive  out  all  air  bubbles.  Tress  down 
another  strip  in  like  manner,  and  so  proceed  till  all  is  pasted.  Let 
it  dry  very  gradually  and  thorougldy  before  cutting  tbe  muslin 
from  the  baard, 

Maps  may  be  vamislied  with  picture  vamlsL ;  or  by  applying 
four  or  five  coats  of  isinglass  size,  letting  each  dry  well  before 
applying  tie  next,  and  girag  a  full  flowing  coat  of  Canada  balsam 
diluted  irith  the  best  oil  of  turpeotlue. 
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LAYENG  OUT,  PARTING  OFF,  AND 
DIVIDING  UP  LAND." 

CHAPTER  I. 

imm  OCT  LMD. 

(491)  lis  nature,  lliia  operation  is  precisely  the  reverse  ot 
thosQ  of  Surrejiag  properly  so  called.  The  latter  measures  certain 
lines  as  they  are ;  the  former  marks  tLem  out  in  the  ground  where 
thej  are  rc<iuired  to  be,  in  urder  to  satisfy  certain  condidons. 
The  same  instrmuoats,  however,  are  used  as  ia  Surveying. 

Perjieadiculars  and  parallels  are  t!ie  lines  most  often  employed. 
The  Perpendiculars  maj  l>e  set  out  either  irith  tho  chain  alon*, 
Arts.  (UO)  to  (159)  ;  still  more  easily  irith  tlie  Cross-staff,  Art. 
(lOI);  or  the  Optical-9(:[uare,  Art.  (107)  ;  and  most  precisely  with 
a  Transit  or  Theoilohte,  Arts,  (102)  to  (1(16).  Parallels  may 
also  be  est  out  with  the  chain  alone,  Arts.  (160)  to  (166);  or 
■with  Transit,  &c.,  Arts.  (407)  and  (408).  The  ranging  out  of 
lines  by  rods  is  described  in  Arts.  (160}  and  (138),  and  with  aia 
Angular  inatniment,  in.  Aria,  (S76),  (109)  and  (115). 

(193)  Tfl  Jaj  out  siiaarcs.  Reduee  the  desire^J  coatent  to 
Bquaro  chains,  aud  extract  ita  square  root.  Thig  n-jH  be  the  length 
of  the  required  side,  which  ia  to  be  set  out  by  one  of  the  methods 
indicated  in  the  preceding  article. 

An  Acre,  laid  out  in  the  form,  of  a  square,  is  frequently  desired 
by  fanners.    Its  Bide  must  be  made  316^  linta  of  a  Gunter*! 


"  The  DemonBtrmiouB  of  llie  Prublcmj  in  lliia  parit  when  rMiuireil.  will  ba 
fuuiiJ  iu  A[>p'.Ticlli  B. 
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chain;  or  208iVj  feet;  or  69iVir  yards.  It  is  often  taken  at 
TO  paces. 

The  number  of  plants,  hills  of  corn,  loads  of  manure,  &c.,  which 
an  acre  Trill  contmn  at  anj  unifonn  distance  apart,  am  he  at  once 
found  by  dividing  209  by  this  distance  in  feet,  and  midtijilynig 
the  (quotient  hy  itself;  or  by  dividing;  43560  by  the  wjuare  of  the 
iliitaiice  in  feet.  Thus,  at  3  feet  apart,  an  acre  would  contain 
4840  plants,  &c. ;  at  10  feet  apart,  436  ;  at  a  rod  apart,  IGO  ; 
aod  so  OQ.  If  the  diatancea  apart  be  unequal,  divide  435G0  by 
tke  product  of  these  distances  in  feet ;  thus,  if  the  plants  were  in 
rows  C  feet  apart,  and  the  plants  in  the  rows  yrcro  3  feet  apart, 
2420  of  them  would  grow  on  one  acre. 

(49S>  To  laj"  out  rectauglrsi  The  content  and  Iniytli  heing 
yifcnf  loth  a5  measured  by  tlie  eatDfl  unit,  divide  the  former  by 
the  latter,  and  the  quotient  ivill  be  the  required  breadth.  Thus,  1 
acre  or  10  square  chains,  if  5  chains  long,  must  be  2  cbauoB  mdc. 

T/w  content  being  given  and  the  lenfjth  to  he  a  caiaia  immlcr 
of  timex  the  hnadth.  Divide  the  content  in  square  chalua,  he,  by 
the  ratio  of  tho  length  to  the  breadth,  and  the  square  root  of  the 
quotient  Tfill  be  the  shorter  aide  desired,  whenco  the  longer  sido 
is  also  knoTiTi.  Tliua,  kt  it  be  required  to  lay  out  30  acres  in  the 
form  of  a  reJtaaglo  3  times  aa  long  as  broad.  SO  acres  =  300 
square  chains.  The  desired  rectangle  -nill  contain  3  squares,  each 
of  100  sq,  chs.,  having  sides  of  10  cha.  The  rectangle  Tsill  there- 
f<iTC  be  10  chs.  wide  and  30  long. 

An  AsrS  laid  out  in  a  rectangle  twice  as  long  as  brO&d,  will  be 
224  links  by  44S  hnka,  nearly  j  or  147^  feet  by  295  feet ;  or  49^ 
yards  by  98f  yards.  60  paces  by  100  is  often  used  as  an  ap- 
proximation, CMy  to  be  remembered. 

Th€  contait  Iting  $iv€}\,  and  Vie  difference  hetween  the  UnfjtJi 
and  hrrndth.  Let  f  represent  this  content,  and  d  this  difference. 
Thon  th*  longer  side  =  »    +  ^  V  ('2'  +  4  c)- 

Eiamph.  Let  the  content  be  C.4  acrcs,  and  the  diffurence 
12  chains.  Then  the  sides  of  the  rectangla  will  be  reepeetiirel/ 
16  chains  and  4  chiuns. 
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The  content  hcing  given,  and  the  sum  of  the  hnfjth  and  breadth. 
Let  c  represent  ibis  content,  and  s  this  sum.    Tlienthe  long-ci 

Sxainple.  Let  the  content  be  6.4  acres,  . and  tLe  sum  ?0  chaSns. 
T3io  ali&ve  formula  gives  the  aides  of  tie  rectangle  16  chainB  and  4 
ehaiDs  as.  before. 

(491)*Tfl  layout  trian^Jfs.  Tlie  content  and  tlio  taso  teing 
giron,  divide  the  C>raiei'  by  half  the  latter  to  yet  the  height.  At 
any  point  of  the  bn.s0  erect  a  perpendicular  of  the  length  thua 
obtained,  and  it  will  be  the  vertex  of  the  required  triangle 

The  content  heing  given  and  the  base  ha^-ing  to  be  m  times  tho 
height,  the  height  ivill  etiiial  the  square  root  of  the  quoUent 
obtained  bj  dividing  t^ce  the  given  area  by  m. 

The  content  being  giren  and  the  ti-iangle  to  be  enuilaterid,  tale 
the  3iuaro  root  of  tho  content  and  laiiltiplj  it  by  1.62Q.  The  pro- 
duct will  be  the  bagth  of  the  side  required.  TIub  rule  malted  tlid 
eidcs  of  an  equilateral  trianglo  containing  ohc  acre  to  be  480iUali3. 
A  quarter  of  an  aero  laid  out  in  the  samo  form  would  have  each 
aide  2-10  Unks  long.  An  equilateral  trianglo  is  rery  easily  set  out 
on  tho  ground,  as  directed  in  Art.  (90),  under  "  Platting,"  uang 
a  rope  or  chain  for  compasses. 


(495)  Tlio  content  and  base  heing  given,  and  one  aide  lianng 
to  make  a.  given  angle,  as  B,  with  the  base  ^    ^  la- 

AB,  the  length  of  the  6ideI3C=^  ^ 

AB .  Bin.  JJ 

Example.  ElgVy  acres  are  to  be  laid 
out  ill  tho  fjrta  of  a  triangle,  on  a  base, 
AB,  of  sixty  chains,  bearmg  N.  80°  AV. 
the  bearing  of  the  side  BC  being  N.  70^  E.  Here  the  angle  B  is 
found  from  the  Bearinga  (by  Art.  (213),  reveralng  one  of  them) 
to  be  80".  Hence  BC  =  53.83.  Tho  figure  is  on  a  scale  of  5ff 
chains  to  1  inch  =  1 : 39600. 

Any  right-line  figure  may  be  laid  out  liy  analogous  methods. 


(49*)  To  lay  out  circles>  Jlultiply  tho  given  content  by  7, 
divide  tho  prtnluct  by  22^  and  take  the  square  root  of  the  quotient* 


Ciup>  I.] 
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Dm  TV'ill  giro  the  radius,  nith  iiliicb  tbo  circk  canlc  de3<ribetl 
on  tho  groimij  •v;'iih  a  rope  or  cbaia.  A  circlo  containing  ouo  acre 
has  a  radius  of  178J  lints,  A  cii'cle  containmg  a  qyarter  of  an 
acre  mil  have  a  radius  of  ^9  Unka. 


<I97)  Tovn  lol9<  House  lote  in  cities  are  usuallj  laid  off  as 
rectangles  of  25  feet  front  and  100  feet  depth,  variouBlj?  combined 
in  blocks.  Part  of  New- York  is  laid  out  in  blocks  200  feet  hy 
800,  ea«h  containing  64  lota,  and  separated  by  streets,  60  ftet 
wide,  running  along  their  long  sides,  and  avenues,  100  feet  wide, 
on  their  ehort  sides.  The  eight  lots  on  each  short  Bide  of  the  block, 
front  on  the  acenues,  and  the  remaining  forty-eight  lots  front  on 
the  Btreeta.  Such  a  block  covers  almost  precisely  3j  acres,  and 
17^  Bach  lots  about  make  an  aor&.  But,  allowing  for  the  Btreeta, 
land  laid  out  into  lots,  25  by  100,  arranged  aa  abore,  would  con- 
tain only  11.9,  or  not  quite  12  lots  per  acre. 

Lots  in  Email  towns  and  villages  are  laid  out  of  greater  saze  and 
less  nniformity.  50  feet  by  100  is  a  frequent  size  for  new  villages, 
the  blocks  being  200  feet  by  500,  each  tlierefore  containing  20  lots. 


(198)  Land  sold  for  taxes^  A  case  occurring  in  the  State  of 
New-York  will  serve  as  an  application  of  the  modes  of  lajpnng  out 
squares  and  rectangles.   Land  Fig.  3*3. 

on  which  taxes  are  unpaid  is  ^1  n — i  

Bold  at  auction  to  tlie  lowest 
Lidder ;  i.  e.  to  liim  who  wiB 
accept  the  amallest  portion  of 
it  in  return  for  paj'ing  the  taxes 
on  the  whole.  The  lot  in  qucs- 
tioQ  \(as  originallj  tlie  east 
half  of  the  square  lot  ABCD, 
containing  500  acres.  At  a 
Bale  for  taxes  in  1830,  70  acres 
were  bid  off,  and  this  area  was 
ECt  off  to  the  purchaser  in  a  sqoare  lot,  from  the  north-east  comer. 
Bequlred  the  sido  of  the  square  in  links.  Again,  tn  1S34,  29 
acres  more  were  thus  sold,  to  be  set  off  in  a  strip  of  equal  wtdtb 
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aroimd  tlie  square  previously  Hold.  Kequired.  the  width  of  thia 
strip.  Once  more,  in  1830,  42  acrea  more  ivcre  sold,  to  be  set 
oiF  around  Oie  preceding  piece.  Required  tlie  dimensions  of  tliU 
third  portion.  TLe  answer  can  be  proved  by  caJculating  if  the 
dimensions  of  the  remaining  rectangle  will  j^ve  the  content  wliich 
it  Bhould  Lave,  viz.  250  — (70  +  SO  +  42)  =109  Acres. 
The  figure  is  on  a  Ecale  of  40  chtuns  to  1  meh  =  1 : 31630. 

(199)  Kcw  cnUQtrles.  The  operations  of  tajing  out  land  for  the 
purposes  of  settlers,  are  reqiured  on  a,  largo  ?cale  in  new  countnes, 
in  combination  with  tlieir  survey.  Tliere  is  great  difficulty  in 
uniting  the  necesaary  precision,  rapidity  and  cheapness.  "  Tri- 
un^idar  Surveying"  will  ensure  tLe  first  of  these  qualitiea,  but  is 
deficient  in  tlie  laat  two^  and  leaves  the  laying  out  of  lots  to  be 
subsequently  executed,  "  Compass  Surveying"  possesses  the  last 
two  qualities,  but  not  the  first.  The  United  States  system  for 
surveying  and  laymg  out  the  Public  Lands  admirably  combines  an 
iifcuratc  determination  of  standard  lines  (^^eridi3ns  and  Parallels) 
y'lth  a  cheap  and  xap-id  subdivision  by  compass.  The  subject  is  so 
important  and  extensive  that  it  will  be  explained  by  itself  in 
Part  Xn. 


CHAPTER  a 

« 

PARTING  OFF  L1.\T». 

(5{M>)  It  13  often.  requ;ired  to  part  off  from  a  field,  or  frum  an 
mdcfinito  space,  &  certain  number  of  acrca  by  a  fence  or  other 
boundary  line,  ■which  is  also  required  to  run  in  a  particular  direo 
tion,  to  fltart  from  a  certain  point,  or  to  fulfil  some  other  condition. 
The  vntiou3  cases  most  likely  to  occur  irill  be  here  arranged 
according  to  these  condJtionJ.  Both  graphical  and  numerical  ma- 
thoda  -will  generally  be  given.* 

*  TUi-  !;ivi?n  lines  will  bf- nprsat-ntcl  by  fine  nil]  lines;  l!ir?liiiPB  of  cotiBlmCtioB 
by  tirukcrt  lioci,  and  tlje  lines  uf  lita  reiuU  hy  beovy  mil 
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Tho  givon  content  ia  aJiraja  supposed  to  be  reduced  to  square 
chains  and  decimal  parts,  and  Uio  Unes  to  be  la  cliams  and  dcci- 

A.     Ey  A  LINE  PARALLEL  TO  A  KITE. 

(501)  To  part  off  a  rcclan^Ic.  If  the  siiles  of  tb-o  field  julja- 
cent  to  tbo  givoq  8i(l0  make  right  ungtes  -witli  it,  the  figare  parted 
off  ty  a  parallel  to  the  given  eido  will  ln)  a  rectangle,  and  its 
breadth  will  erjual  the  required  content  divided  by  that  side,  as  tn 
Art.  (193). 

If  tbo  field  be  boimded  by  a  curved  or  zigzag  line  outride  of  tbo 
given  aide,  find  tho  content  between  these  irregulHT  lines  and  the 
given  straight  side,  by  tho  method  of  offeota,  subtract  it  from  the 
content  required  to  be  parted  off,  and  proceed  with  the  remamder 
as  above.    The  eame  directions  apply  to  tho  aubaequent  problems. 


C  D 


(502)  To  pari  oO*  a  parallelogram.    If  the  sides  adjacent  to 
the  given  side  he  parallel,  tlie  Fig.  344. 
figure  parted  off  will  be  a  parallel- 
ogram, and  ita  perpendicular  width, 
CE,  will  bo  obtained  aa  above. 
The  length  of  one  of  the  parallel 

CE  'ABDC 
ades,  as  AC = — r  =  -ro — ■ — r- 
EUi.  A      AH  .  sin.  A 

(503)  To  part  off  a  trapezoid.  When  the  sides  of  the  field 
adjacent  to  the  given  aide  are  not  parallel,  the  figure  parted  off 
will  be  a  trapcsoid. 

^Vhen  tlie  field  or  figure  is  given  on  the  ground,  or  on  a  plat, 
begin  a3  if  the  sides  were  parallel,  345. 
dividing  the  given  content  by  the 
base  AB,  The  quotient  will  b« 
an  approximate  breadth,  CE,  or 
DF;  too  email  if  tho  aides  con- 
verge, as  in  the  figare,  and  vice 
Vena.  Measure  CD.  Calculate 
the  content  of  ABDC.    Divide  the  dtSerence  of  it  and  tho  retjuiretl 
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content  hj  CD,  Set  off  tlie  quotient  perpenJicuIar  to  CD,  (in  tliia 
figure,  outside  of  ib,)  ami  it  will  give  a  new  line,  GH,  a  sti!]  nearer 
approsimatlon  to  that  desired.  The  operation  may  he  repeated,  if 
found  necesaory. 

(SD'i)  Wlien  the  field  b  given,  by  Bearings,  do-       f'e-  ^■''f- 
duce  from  them,  aa  ia  Art.  (JIS),  the  angles  at  A 
and  B.    The  required  sides  TviU  then  be  giTen  by 
theae  formulaa : 

2  X  ABCD  ■  stn.  <A  +  B)\ 
sin.  A  .  sin.  13          /  ' 
faa.  B 


CD 


AB= 


An  =  rAB  — CD)-  . 

^  sin.  (.A  +  B) 

BC=(AB  — CD)^  '^-^ 


Bin.  {A  +  B) 

Wlien  the  sictes  AD  and  BC  diverge,  ingtcad  of  converging,  as 
in  the  figure,  the  nogalivo  term,  In  the  expression  for  CD,  becomes 
positiTe;  and  in  the  expressions  for  botli  AD  and  BC,  the  first 
factor  becomes  (CD  —  AB). 

The  perpendicular  breadth  of  tto  trapezoid  e=  AB  .  aia.  A ; 
or  =B0.  sin.  B. 

Erample.  Let  AB  ran  Nortb,  sbc  cliaina ;  AD,  N.  80*  E.; 
BC,  S.  G0°  E.  Let  it  bo  required  to  part  off  one  acre  by  a  fence 
parallel  to  AB.  Here  AB  =  6.00,  AECD  =  10  square  chains, 
A  =  80%  B  =  60».  Am.  CD  =  4.57,  AD  =  1.02,  BC  =  2.18, 
and  the  breadth  =  1.89. 

The  fi^o  ia  on  a  scale  of  4  chains  to  1  loch  =  1 ;  3168. 

B.     Br  A  LINE  PERPESTHCOLAH  TO  A  BIDE. 

(505)  To  part  off  a  Irtanglct  Let  FG  bo  tho  required  line. 
When  tho  field   ia  ^ven  on  tlie  F'is-  347. 

gi-oimd,  or  on  a  plat,  at  any  point,  as 
D,  of  the  giren  side  AB,  ect  out  a 
"guess  line,"  DE,  perpendicular  to 
AB,  and  calculate  the  content  of 
DEB.    Then  the  required  distance  BF,  from  the  angular  point 

io  the  foot  of  tlie  desired  perpendicular, 


oiur.  a,'] 


Parlinpr  ofT  Land. 


Example.    Let  BD  =  3I>  chains;  ED  =  12  chains ;  and  the 
desired  area  =  24, 8  acres.   Then  BF  =  35,22  chiuag, 
'ITie  scale  of  the  figure  is  30  chains  to  1  inch  =  1:25760. 

(506)  Vfhm  Uie  fittli  is  givea  by  Bearings, 
6n(i  the  angle  E  from  tlio  Bearings ;  then  is 

Example.    Let  BA  bear  S.  75*  E.,  and  BC 
N.  60°  E.,  and  let  five  acres  he  required  to  be 
parted  off  from,  the  field  by  n  perpendicular  to  BA.    Here  (ka 
angle  C  =  45%  and  EF  =  10.00  chains. 

Tho  scale  of  the  figure  ia  20  chains  to  1  inch  =  1 : 15310. 

(503)  To  pari  ofl'  a  qaailrilat«ra1.  Produce  the  converging 
sides  to  meet  at  B.    Calculate  the  Fig.  369. 

content  of  the  triangle  IlKB,  whe- 
tlier  on  the  ground  or  plat,  or  from 
Bearingg.    Add  it  to  the  content 
of  the  quadrilateral  required  to  be  B---  g- 
piirtcd  off,  and  it  will  give  that  of  the  triangle  FGB,  and  the  m» 
thod  of  the  preceding  cade  can  then  be  applied. 

(50S)  To  part  off  any  fienrr.  If  the  field  be  very  irregularly 
sliapcd,  find  by  tiial  any  line  'wluch  will  part  off  a  little  less  than 
the  required  area.  This  trial  line  will  represent  I  IK  in  tho  pre- 
ceding figure,  and  the  problem  is  reduced  to  parting  off,  accord- 
ing to  the  required  coaditiou  a  quadrilateral,  comprised  betiveen 
the  trial  line,  two  Bides  of  th-0  field,  and  tho  reqiured  lioe,  and  con- 
taining the  difference  between  tlic  required  cooteot  and  that  parted 
off  by  the  trial-lino. 

C.     By  a  line  RDNiriNQ  IN  ANY  GIVES'  DIRECTION. 

(509)  To  part  off  a  Irianslc.  By  coastmction,  on  the  ground 
or  the  plat,  proceed  nearly  as  ta  Art.  (505) r ■setting  out  a  lino 
m  the  required  direction,  calculating  the  triangle  thus  formed^imd 
obtaining  BF  by  the  same  formula  aa  m  that  Article. 
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(510)  If  tlio  fipW  be  given  ^_J'  Boaringa,  find  Fi^.  3iO, 
D-om  tkcm  tie  angles  CBA  and  GFB ;  tliea  is 

V  I  sin.  It  .  sm.  F  /" 
EzampU.  Let  BA  bear  S.  SO"  E. ;  BC, 
N.  80°  E. ;  and  a  fence  be  required  to  run, from 
eome  point  in  BAj  a  due  North  course,  and  to 
part  off  one  acre.  Required  the  distance  from 
B  to  t!ie  point  F,  whence  it  nlust  stai't.  Ana. 
The  angle  B  =  70%  and  F  =  30°.  TbetiEF^ 
6.47. 

Tie  Bcalo  of  Yiz.  350  ia  6  chtuns  to  1  inch  =  1 ;  4752. 


(511)  To  part  off  a  ijnaflrilaleral.  Let  it  be  required  to  pari 
off,  by  a  line  running  in  a  fig.  aai. 

given  direction,  a  quattrila- 
teral  from  a  field  in  wbieli 
are  given  tSo  &ide  AB,  and 
the  directions  of  the  two 
other  aides  ninning  from  A 
and  from  B. 

Ou  tlie  ground  or  plat 
produffo  the  two  converging 
eicles  to  meet  at  some  point 
E.  Calculate  the  content 
of  the  triangle  ABE.  Measure  the  side  AE.  From  ABE  subtroot 
the  area  to  be  cut  off,  and  tlie  remainder  will  be  tlie  content  c>f  the 
triangle  CDE.  From  A  set  out  a  line  AF  parallel  to.  the  given 
direction.    Find  the  content  of  ABF.    Tate  it  from  ABE,  and 

tfliB  obtain  AFE.    Then  thia  formula,  ED  =  AE  \ /^^,  wjU  fix 

tie  point  D,  ainoe  AD  =  AE  —  ED. 

<51£)  When  the  field  and  the  dividing;  lino  are  given  by  Bear 
inga,  produce  the  eidea  as  in  the  last  article.  Find  all  the  angles 
Bwm  the  Bearings.  Calculate  the  content  of  the  triangle  ABE,  by 
tho  formula  for  one  side  and  its  including  angles.    Tale  the 


desired  canteot  from  tliis  to  obtain  CDE.  Calculate  tlie  sidQ 
.„Bin.  B  m  -  ATX  •  i?  //2  X  CDE .  sin.  DCEv  ' 
Ein.  fc  V  \   fin.  h  .  sin.  LDh.  / 

Exumph:  Let  DA  bear  S.  20\'  W. ;  AB,  N.  614"  W.,  8.19  ; 
liC,  N.  73^°  E.  ;  and  let  it  be  re^iiurcd  to  par6  oflf  two  acres  by  a 
fence,  DC,  running  N.  45'  W.  Am.  ACE  =  32.50  sq.  cbains ; 
Tvhence  CDE=  12.50  sq.  clis.  Also,  AE  =  8.3T  ;  and  Gnallj 
AD  =  8.37  —  5.49  =  2.68  chayia. 

Tlie  scale  of  Fig.  Sol  is  5  chahia  to  1  inch     1- 3960. 

If  the  sum  of  the  angles  at  A  and  D  was  more  thaii  two  right 
angles,  the  point  E  would  lie  on  the  other  side  of  AB.  The  neces- 
earj  modifications  arc  ap^eut. 

(513)  To  pari  off  any  Ggtirei  Proceed  in  a  similar  manner  to 
that  described  in  Art.  (508),  by  getting  a  suitable  trial-line,  pro- 
ducing tlie  sides  It  intersects,  and  then  apply  ing  tlie  method  juat 
given. 

D.  Hy  a  line  etartisu  from  a  oi\-en  pomr  in  a  bide. 

(514)  To  pari  off  a  IrianglCi  Let  it  be  required  to  cut  0$ 
from  a.  comer  of  a  field  a  triangu-  Fjg..  535, 

Inr  ejiace  oF  given  content,  by  a 
liuij  starting  from  a  given  point 
on  one  of  the  sides,  A  in  the  figure, 
tho  base,  AD,  of  the  deared  tri- 
angle being  thua  given.  If  the 
field  be  given  on  the  ground  or  on 
A  j'lat,  divide  tlio  given  content 
iiy  half  the  base,  and  tho  quotient  will  be  tlie  height  of  tho  tri- 
angle. Set  off  this  distance  from  any  point  of  AB,  perpendicular 
to  it,  aa  firom  A  to  C ;  trom  C  aet  out  a  parallel  to  AB,  and  ita 
intersection  witli  the  second  aide,  3A  at  D,  will  be  the  vertex  of  tha 
required  triangle. 

Otherwise,  divide  the  required  content  hy  half  of  the  perpendt 
enlar  distance  from  A  to  BD,  and  the  quotient  nill  be  BD. 

« 

*  T1)i<  originnl  furmula  is  very  (•oa.yemeal  for  logurillunic  compulation. 
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(515)  If  llie  field  be  given  by  tlie  Bearings  of  two  sides  and  th« 
length  of  oae  of  them,  deduce  tin?  angle  B  (Fig,  S52)  from  tlie 

BsftTjngs,  as  in  Art.  (213).    Then  is  ED=        "T""  . 

Ad  1  gjQ.  U 

If  it  ia  more  convenient  to  fix  tlie  point  D,  bj  tJie  Second  Me- 
thod, Art.  (6),  that  of  reotan^lap  co-ordinates,  we  shall  have 
BE^^BD  .  eog.  B;  and  ED  =  BD  .  sm.  B. 

The  Bearing  of  AD  is  obtained  from  th«  angle  BAD  ;  which  is 
1  -      ED  ED  .  Tfiri 

biowL,  since  ^  = 

Example,    Eighty  seres  are  to  be  set  off  from  A  Comer  of  a 
field,  the  conrso  AB  being  N.  80^  W.,  sixty  chains ;  and  the  Bear- 
ing of  BD  being  N.  70^  E.    Atts.  BD  =  53.S3  ;  EE  =  46.rJ: 
ED  =  26.6T  ;  and  thu  Bearing  of  AD,  N.  W  23'  W. 
The  BCflle  of  Fig.  352  ia  40  chains  to  1  inch  =  1 :  31680. 

2  ABD 


If  the  field  were  right  angled  at  B,  of  cour3&  BD  =  ■ 


All 


(516)  To  part  oD"  a  quadrilateral.  Imagine  the  tva  converg- 
ing Bides  of  the  field  produced  to  meet,  as  in  Art.  (511).  Calcu- 
late the  content  of  the  triangle  thus  fonned,  and  the  question  will 
then  ho  reduced  to  the  one  explained  in  the  last  two  artiolos. 

(517)  To  part  off  aay  flgnre.  Proceed  aa  directed  in  Art.(51  J). 

Otiierwiae,  proceed  aa  follows, 

Ttie  field  being  given  on  the  ground  or  on  a  plat,  find  on  wTiich 
Bide  of  it  the  required  line  will  end,  by  drawing  or  running  giieaa 
lines"  fi-om  tlie  given  point  to  various  anglea,  and  rougldy  measur- 
ing the  content  thus  parted  off. 
If,  aa  in  Ui&  figure,  A  being  the 
given  point,  the  guess  line  AD 
ports  off  less  than  the  reijuii-ed  con- 
teat,  and  AE  parta  off  more,  then 
the  desirod  divisioa  line  AZ  will 
etidinthesldcDE.  Subtract  the 
area  parted  off  by  AD  from  the 
roquire-d  content,  and  the  difference  will  he  the  content  of  the  t» 
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angle  ADZ.  Divide  tiila  by  half  the  perpendicular  let  fall  from 
tlifi  given  point  A  to  the  side  DE,  and  the  qnotioQt  will  be  the  base, 
Or  distance  from  D  to  Z. 

Or,  find  the  content  of  ADE  and  make  tlua  propcrtloa  ;  ADE  : 
ADZ  : :  DE  :  DZ. 

(iilS)  The  field  being  given  \>j  Bearings  and  distances,  find 
as  before,  by  ifiproximatc  trials  on  the  plat,  or  otherwise,  which 
eidv  the  desired  line  of  division  Till  temuti&te  in,  as  DE  in  the  lost 
figure.  Draw  AD.  Find  the  Latitude  and  Departure  of  this 
line,  and  thence  its  length  and  Bearing,  as  in  Art.  (440)-  Tlten 
calculate  the  area  of  the  space  this  Una  parts  off,  ABCD  in  the 
fi^^o,  by  tho  usual  method,  expired  in  Part  III,  Chapter  VI. 
Subtract  this  area  from  that  req^uired  to  be  cut  off,  and  tlie  remain- 
dor  will  be  the  area  of  the  triangle  ADZ.    Then,  as  in  Art.  (515), 

DZ=  ■ 
AD  .  sin.  A1>Z 

This  problem  may  be  executed  without  any  ottier  Table  than  that 
of  Iiatitudes  auJ  Departures,  thus,  riud  the  Latitude  and  Depai^ 
tore  of  DA,  as  before,  the  area  of  the  space  ABCD,  aad  tlieucc 
the  content  of  ADZ.  I'Len  find  the  Latitude  and  Departure  of 
EA,  and  the  content  of  ADE.  Lastly,  make  this  jiroportion: 
ADE:ADZ;:DE:DZ." 

Examplt.  In  the  field  ABCDE,  ic.>  part  of  which  a  ahoH-n 
in  Fig.  353,  (on  a  scale  of  4  chains  to  1  inch  —  1 ;  one 
acre  ia  to  be  parted  off  on  tho  west  side,  by  a  line  starting  from  the 
an^lc  A.  Rei|iiired  the  distance  from  D  to  Z,  the  other  end  of 
this  dividing,  line.f 

The  only  couraca  needed  are  these.  AD,  N.  53°  W.,  1.55, 
BO,  N.  20=  E.,  2.00 ;  CD,  N".  53^° E.,  1.32 ;  DE,  S.  57°  E.,  5.79. 
A  rough  measurement  will  at  once  shew  that  ABCD  is  lesa  than 
au  acre,  and  that  ABCDE  ia  more  ;  hence  the  desired  line  will  fall 

*  The  pKbL-in  b.\»a  be  pCrfuroiFil  \/f  tnaktrig  ibe  liJe  on  whith  the  divi 
linn  line  i%  lu  I'nll,  ti  ItlpriJian,  auJ  changing  thn  Bi-itriiigs  Di  in  kr\.  (344).  'J'lie 
difii-Tentp  uf  lin:'  uvvi  Denmiurca  will  be  llic  Dcpanui-f  of  itie  Di  visinn  line.  I  la 
niiiitiiin  can  liivii  \tv  easilv  iJelcnuiDed,  l>v  colculciliuuB  rvaenibllug  tlioie  ui  Vui\ 
vn,  Chnpler  IV,  Aria.  Slc. 

^  If  tlif  Mliiili?  llelil  liiLi  teca  «urvcyci]  and  bataaced,  the  balanced  IiOiiinde* 
idJ  D«i)uriuivA  chvuld  be  vw^.  W«  wUL  here  nappoit)  ifae^orrey  Co  baviiprareil 
peffftetfy  cori^J. 
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on  DE.  Tlie  Latitudes  and  Departures  of  AB,  EC  and  CD  are 
then,  fouml.  From  tliem  the  course  AD  is  found  to  he  N.  8^  E., 
3.03.  'i'lio  content  of  ABCD  will  be  3.19  square  chains.  Sul>. 
trading  tLis  from  one  acre,  tlie  rcniainder,  0.81  at^.  chs.,  is  the  con- 
tent of  ADZ.  Ar=  3.63  x  sin.  G5°  =  3.29.  Dmding  ADZ 
hj  half  of  this,  "we  obtain  DZ  =  4.14  cLains. 

Bj  thfi  Second  Method,  tha  Latitude  and  Departure  of  DA,  tlia 
area  of  ABCD,  and  of  ADZ,  heing  found  as  before,  we  iie.tt  find 
the  Latitude  and  Departure  of  EA,  from  those  of  AD  and  DE, 
and  tliencQ  the  area  of  ADE  =  9.53.  Lastly,  we  have  Jie  pn>- 
portion  9.53  :  6.S1  : :  5.7!)  :  DZ     4.14,  aa  before. 

E.  Br  A  USE  PASSINO  IHROUQH  A  GIVES  POHiT  WTTHIN  THE  FIELD. 


Let  P  lo  a  point  within  a  field 
it  a 


(519)  To  pari  off  a  triangle. 

through  wliich  it  is  required  to 
run  a  line  so  aa  to  part  off  from 
the  field,  a  given  area  la  the 
form  of  a  triangle. 

When  the  field  is  given  on  the 
ground  or  on  a  plat,  the  division 
can  bo  made  hy  construction, 
thus.  From  P  draiv  BE,  paral- 
lel to  the  side  EC.  Divide  the 
^vcn  area  by  half  of  tho  pcr])en- 
dicular  distance  from  P  to  AC, 
and  act  off  the  r^uotient  from  C 
to  G.  Bisuct  GC  in  H.  On 
IlE  describe  a  serai-circlc.  On 
it  set  offEK  =  EC.  Joia  KlI. 
Set  off  HL  =  HK.  The  line  LM,  drawn  from  L  through  P,  will 
l)u  tho  division  line  required.'  If  IIK  he  set  off  in  the  contrary 
direction,  it  will  another  line  L'PJl',  meeting  CB  produced,  and 
thus  parting  off"  another  triangle  of  the  rGfjuired  content. 

Mxam^h.  Let  it  be  required  to  part  off  31.175  acres  bj  a 
r^^ce  passing  tliroiigli  a  pomt  P,  the  distance  PD  of  P  from  tlia 

*  Ai  snniB  Ilul's  ill  ilic  figiirip  am  tinl  iiseil  in  the  pnnainrelioH,  though  iitiaJ«d 
fur  llie  iJemousIraiioii,  ili-i  i".r,t:uiii  sliould  ilraw-  it  liimself  lo  a  liir>'«  scale. 
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Bide  EC,  measured  parallel  to  AC,  be'mg  6  chains,  and  DC  18 
cLains.  The  an^Ie  at  C  fixed  by  a  "tie-line"  AB  =  48.00, 
BC  bc'ms  42.00,  and  CA  beins  30,00.  Ane,  CL  =  27.31 
clialns,  or  CL'=  T.C9  clialna. 

The  figure  is  on  a  scale  of  20  chains  to  1  ioch  =  1 :  15840. 

(320)  If  the  an^lo  of  tho  field 
and  t)io  position  of  the  point  P  are 
given  bj  Bcaringa  or  angles,  proceed 
thus,  rind  the  pcrpenilicuJar  dis- 
tances, PQ  and  Pit,  from  the  given 
point  to  the  ffidcs,  hy  the  formulas 
PQ  =  PC  .  sin.  PCQ ;  and  PR  = 
PC  .  aiii.  PCK.  Let  PQ  =  PR  _^ 
and  the  reqmred  Content  ^ 

ThenCL  =  li,/(4_^£^). 

P     V  ^P'     sin-  LCMf 

Example,  Let  the  angle  LCM  =  SS"^.  Let  it  be  required  to 
part  off  the  same  area  aa  in  the  preceding  example.  Let  PC  = 
19.75,  PCQ^17°  30 i',  PGR  =  64^  29^'.  Required  CL. 
Aiu,  PQ  =  5.9-l,PR  =  17.82,and  therefore,  by  the  formula, 
CL=  27.31,  or  CL'=7.G9;  corresponding  to  the  graphical 
solution.    The  figure  is  on  the  same  scale. 

If  the  given  point  ivere  without  tho  field,  the  division  line  could 
ho  determined  in  a  Bimilar  manner. 

(521)  To  part  off  a  qaadrHateral-  Conceive  ihe  two  sides  of 
the  field  which  the  dlTiiiion  line  will  intersect,  Kig.  3^6. 

UA  and  CB,  produced  till  they  meet  at  & 
point  G,  not  shonpn  in  tlie  figure.  Calculate 
the  triangle  thus  formed  outside  of  the  field. 
Its  area  increased  hy  the  required  area,, 
will  bo  that  of  tho  triangle  EFG.  Tlien  the 
problem  is  identical  with  that  in  tho  last 
article.  Tlic  following  example  is  that 
given  in  Gummerc'a  Surveying,  The  figurft 
represents  it  on  a  scale  of  20  chains  to  1  inch  =  1 ;  15S40. 


344 


LlTLVG  OCT  Ml)  0m»ING  CP  LiKD.     [part  ii 


Hxam^le.  A  ficlJ  b  bounJed  tlius:  N.  14^  W.,  15.20; 
N.  70^^  E.,  20.4a;  S.  K,  £2.79  ;  N.  8GJ°  18.00.  A 
ejiring  wkliln  it  bears  from  tlic  second  comer  S.  75°  E.,  7.90.  It 
is  required  to  cut  off  10  acres  iVoni  the  West  side  of  the  field  by  a 
straight  feaco  through  the  spring.  How  fa,r  ivill  it  be  from  the 
firat  corner  to  the  point  at  ivhich  t)ic  dirlsloii  fence  meets  the  fourth 
Bide  ?   Ans.  4.6357  chains. 

(522)  Tu  pari  oC  any  figuret  Let  it  he  reijiiired  to  part  off 
from  a  6cld  a,  certain  area  hj  f^S'  ^57. 

a  lino  passing  through  a  given 
jmint  P  irithin  tlia  fitid*  Run. 
a  gncsa-line  AB  thiou^h  P. 
Calcidatc  tho  area  which  it 
parts  off.  Call  the  difference 
between  it  and  the  required 
area  =  ti.  Let  CD  he  the 
desired  hoc  of  division,  and 
let  P  represent  the  angle,  APC  or  BPD,  which  it  makcfl  with  tha 
given  line.  Obtain  the  angles  PAD  ==  A,  and  PBD  =  B,  either 
by  mGasurcmcnt,  or  by  deduction  from  Bearings.  Jleasiire  PA 
and  PB.  Then  the  desired  angle  P  will  be  ^ven  by  the  fulbwing 
formula.. 

(AP2   ■RPIV 
cot.  A  +  cot.  B  —  )  ± 

^  |-AP^.cot.B-BF'.e.t.A  _      ^  _       ^  ^ 

>(eot.A  +  cot  B-^P'-/^'y]. 

K  the  gueaa  line  bo  run  so  a,s  to  be  perpendicular  to  one  of  the 
sidea  of  the  field,  at  A,  for  example,  the  preceding  expression 
rtducea  to  tlie  following  simpler  form. 

Co..P  =  -i(cot.B-^"'.-'"")j= 
/rAP*.eot.  B  ,  ,  /    ,   n      AP=— BP=V3T 

V  L       + '  h'-  °  — 2^ )  J- 
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Example.  It  -waa  required  to  cut  off  from  a  field  twelve  acres 
\>j  a  line  passing  tlirongli  a  spring,  P.  A  guess-line,  AIJ,  was  nm 
making  an  an;^Ie  with  one  side  of  the  field,  at  A,  of  55^^  and  wicli 
the  opposite  side,  at  B,  of  81^.  The  area  thus  cut  off  was  found 
to  be  13.10  acres.  From  the  spring  to  A  was  9.30  cbaiijg,  and  to 
B  3.30  chains.  Re'[uired  Che  angle  which  tlie  required  line,  CD, 
must  make  with  the  guess  line,  AB,  at  P.  Am.  20'^  45';  or 
—  8Ca  25'.    The  heavy  broken  line,  O'D',  shows  the  latter. 

The  scale  of  the  figure  is  10  chains  to  1  inch  =  1 ;  7920. 

If  the  given  pomt  wore  outside  of  the  field,  tlic  caJculatioo^  Tould 
he  similax. 


F.    By  the  snonTEST  possible  use. 
(523)  Ttt  pari  off  a  triangle.   Let  it  be  required  to  part  off  a 

triangnlar  space,  BDE,  of  given  content,  tj-om  the        Fig.  UJS. 
comer  of  ft  6cld,  AJJC,  by  tlio  shortest  p03sibIo 
line,  BE. 

From  B  act  off  ED  and  BE  each  equal  to 
yj (^7^^) .  The  lino  DE  thus  ohtamed  will  be 
peipcndicular  to  the  line,  BF,  which  bisects  the  au- 
clc  B.  The  iGQsth  of  DE  =   r-s  -■ 

*'  °  C03.  i  B 

SmmpU,  Let  it  be  required  to  part  off  1.3  acre  from  the 
comer  of  a  field,  tlie  angle,  B,  being  30^.  Am.  BD  =  BE  =a 
7.21;  and  DE  =  3.T3. 

The  scale  of  the  figure  is  10  chunB  to  1  inch  =1 : 7920. 


G.   Lazcd  of  tariable  value. 

(524)  liOt  the  figure  reproaent  a  field  in  wlueii 
the  land  is  of  two  qualities  and  values,  divided  by  B 
the  "  quality  line"  EF.    It  is  required  to  part  off 
from  it  a  quantity  of  land  worth  &  certain  eiun,  by 
a  straight  fenc«  parallel  to  AB. 

Mulljpty  the  value  per  acre  of  each  port  by  its 
length  (in  chains)  on  tbo  line  AB,  add  the  pro- 
ducts, multiply  the  value  to  be  set  off  by  10,  divide 
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by  the  above  sum,  and  the  quotieDt  will  be  the  desired  breadth,  BC 
or  AD,  in  chains. 

ExampU.  Lot  the  land  oa  one  side  of  EF  be  Torth  $200  pei 
acre,  and  on  the  other  siJc  ?X0O.  Let  tlie  length  of  the  former, 
BE,  be  10  chsins,  and  EA  be  30  chama.  It  is  refiiured  to  part, 
off  a  quantity  of  land  i\-orth  ^J75O0.  Ana.  The  width  of  tbd 
desired  strip  will  bo  15  chaina. 

The  acale  of  the  figure  ia  40  chaina  to  1  inch  =  1 :  31S80. 

If  the  qnalitj  lino"  be  not  perpendicular  to  AB,  it  may  bo 
made  so  by  "  giving  and  taking,"  ts  in  Art,  (124),  or  as  in  the 
article  following  this  one. 

The  aame  method  may  be  applied  to  land  of  any  number  of 
difforcnt  qualities;  and  a  combination  of  this  method  with  ilie  pro- 
oeding  problcma  iviU  solve  any  caae  irhich  may  occur. 

H.    Straightentno  crooked  fences. 

(SiSy  It  is  often  required  to  eubsBtute  a  strw^ht  fence  for  a 
crooked  one,  sa  that  the  former  shall  part  off  precUely  the  same 
quantity  of  land  aa  did  the  latter.  This  can  be  done  on  a  plat  by 
the  method  given  in  Art.  (83),  by  wliicli  the  irregular  fignro 

Fig.  3C0. 


1..,2...3..,4...5  13  reduced  to  the  eijuiralent  triangle  1...5...3',aiid 
the  straight  lino  5.. .3'  therefore  parts  off  the  same  quantity  of  land 
an  either  side  as  did  the  crooked  one.  The  distance  from  1  to  S', 
as  found  on  the  plat,  can  then  be  set  out  on  tlie  ground  and  tha 
straight  fence  be  then  ranged  from  3'  to  5 

The  work  may  be  done  on  the  ground  more  accurately  by  nu> 
nlng  a  guess  line,  ACj  Fig.  361,  across  the  bends  of  the  fence  which 
crooka  from  A  to  B,  mcasnring  offsets  to  the  bends  on  each  side 
of  tlio  guess  line,  and  calculating  their  content.  If  the  sums  of 
tliBso  areas  on  each  aide  of  AC  chanced  to  bo  equal,  that  i\oiild  ha 
the  line  desired;  but  if,  aa  in  the  figure^  it  passes  too  far  on  odq 
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Fig.  361. 


aidej  divide  tihe  diflference  of  the  areag  hy  half  of  AC,  and  set  it 
off  at  right  anglea  to  AC,  from  A  to  D.  DC  will  then  be  a  line 
parting  off  the  sanifl  quantity  of  land  as  did  the  crooljed  fonce.  If 
the  fence  at  A  -was  not  perpendicular  to  AC,  but  oblique,  as  AE, 
then  from  D  run  a  parallel  to  AC,  meeting  the  fence  at  E,ajid  EC 
will  be  the  required  line. 


CHAPTER  m. 

(526)  Most  of  the  problems  for  "Dividing  up"  land  majr  bo 
brought  under  tlie  cases  in  the  preceding  chapter,  hj  regarding 
one  of  the  portions  into  which  the  figure  is  to  be  divided,  as  an 
area  to  be  "  Parted  off"  from  it  Many  of  them,  however,  can 
be  most  neatly  executed  bj  considering  them  as  independent  pro- 
blems, and  this  will  be  here  done.  They  will  bo  arranged,  fimtly, 
according  to  the  sitnplifitj  of  the  figure  to  be  divided  up,  and  then 
Bub-arraoged,  as  in  the  leading  arrangement  of  Chapter  II,  accord- 
bg  to  tie  maimer  of  the  diriaion. 

DIVISION  OF  TRIANGLES. 

(521)  By  Mdps  parallel  lo  a  »ide.    Sup-  Fig.Ma. 
pose  that  the  triangle  ABC  is  to  be  divided  into 
two  eqiiivaJent  parts  by  a  line  parallel  to  AC.  ^ 
The  desired  point,  D,  from  which  this  line  la  to   ^y  ' 
Btart,  will  be  obtained  by  measuring  BD  = 
All  Vi-    So,  too,  E  is  fixed  by  BE  =  EC 
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Generally,  to  divide  the  triangle  mto  two  parts,  BDE  and  ACED 
whicli  shall  liavo  to  each  other  a  t&1io  =  m  :  n,  we  have  BD  =i 


'  Jfl  +  H 

This  may  be  constructed  tliM. 
sctoicircio  on  AB  as  a  diameter. 


Describe  a 
From  B  §et 


oirEF  =  - 


BA.    At  r  erect  a  perpendi-  I 


m  +  u 

cular  meeting  the  Bcmidrclc  at  G.    Pet  off  BG  ^- 
from  B  to  D.    D  13  the  starting  [wint  of  the  divi-    a  C 
Bion  line  rcijuired.    In  the  figure,  the  two  parts  arc  aa  3  to  3,  and 
BFia  therefore  =  f  BA. 

To  divide  the  triangle  ABC  into  five  Fig.  304. 

equivalent  parts,  vre  should  have,  similar) ;f) 
BD^AB  Vi;  BD'^AB      ;  BD" 


=  AB  ^^f  i  BD"'  =  AB 

Thfl  same  method  will  divide  the  trian- 
gle into  any  desired  nuuiLer  of  parts  hav- 
ing any  ratioa  to  each  ot3ier- 


J' 


iZ: 


(52S)  By  lines  perpendicular  to  a  siild  Suppose  that  ABO 
b  to  he  diiiiled  Into  two  porta  having  ^''S-  3^5. 

a  ratio  =  jji  :  n,  hy  a  line  perpendicular 
to  AC.  Let  EF  bo  the  dividing  line 
■whose  position  Is  required.  Let  BD 
be  a  perpendicular  let  fall  from  B  to 

AC.   TheniaAE^^^AC  X  AD  x 

AFE  :  EFBC  : :  th  :  »  : :  1  :  2, 

If  the  triangle  had  to  be  divided  into  two  equivalent  porta,  iha 
above  cspresaion  'would  become  AE  =  VCJ  AC  x  AD). 

(529)  By  linf^  runniug  In  aoy  givcu  dlreclion.  Let  a  triangle^ 
ABC,  he  given  to  be  divided  into  two  pacta,  having  a  ratio  ni :  », 
by  a  line  maldng  a  given  angle  witli  a  aide.    Fart  off,  aa  i&  Art 


m  + 


In  this  figure. 


(W)  or  (510),  Fig.  350,  an  area  BFG  = 


m  4-  « 


'  ABC. 
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(55&)  Ky  lines  starlln:;  from  aD  angle.  Divide  the  side  oppo 
Bile  to  tfic  given  angle  into  the  required  num- 
ber of  parta,  and  draw  Unea  from  the  angle  to 
Uie  points  of  division.  In  the  figure  the  tri- 
aoi^te  is  represented  as  beuig  thus,  divided  Into 
two  equivalent  pai"t5. 

K  the  triangle  Tvere  required  to  be  dinde(l_iiito  two  parts,  Laving 


to  each,  other  a  ratio  =^  m  :  n,  we  fihcudd  h;ive  XD  =  AC  ■ 

and  DC  =  AC -J^. 

Ml  +  n 

If  the  triangle  had  to  be  divided  into  tliree  fig-  367. 
parts  whicli  should  be  to  each  other  r.min-.p^ 

m 


we  should  have  AD  =  AC 


.,aiidEC  =  AC- 


=  AC  !!  ,   , 

m-Y  n  ^  p  m  -\-  n  +  p 

Suppose  that  a  triangular  fielJ  AEC,  had  to  be  divided  amonjj 

five  men,  t\vi>  of  them  to  have  a  quarter  each,  and  three  of  them 

each  a  sixth.    Divide  AC  into  two  «(^ual  parts,  one  of  these  again 

into  two  equal  parts,  and  the  other  one  into  three  equal  parte. 

Run.  t]i«  lines  from  the  four  points  thus  obtained  to  the  angle  B. 


(531)  By  lines  starliDg  from  a  point  in  a.  side.  Suppose  that 
the  triando  ABC  ia  to  be  divided  bto  two  ^'h-  3&8 
equivalent  parts  by  %  line  Btaxting  from  a  point 
D  in  the  side  AC.  Taie  s  point  E  in  the 
middle  of  AC.  Join  BD,  and  from  E  draw  a 
parallel  to  it,  meeting  AB  in  F.  DF  will  be 
the  dividing  lino  required. 

The  point  F  will  be  most  easUj  obtained  on  the  gnjund  by  the 
proportion  AD  :  AB  : :  AE  =  J  AC  :  AF. 

The  altitude  of  AFD  of  course  equals  J  ABC     \  AD. 

If  the  triangle  is  to  be  divided  into  two  parts  having  any  other 
ratio  to  each  other,  divide  AC  in  that  ratio,  and  then  proceed  aj. 

before.    Let  tlua  ratio  =  m  :     th«a  AT  =  ,  -  . 

AD         m  +  « 
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Next  rappose  that  the  triim-  Fig.  369. 

glo  ABC  is  to  be  divided  into  three 
oquh'aJent  parts,  meetiTig  at  D.  The 
aJtitudes,  EF  and  GH,  of  the  parts 

aad  DCG,  will  ho  obtained  hj  Ji' —       *  d"  k  h 
iiiriding  J  ABC,      half  of  the  respective  bases  AD  and  DC. 

If  one  of  these  quotients  gives  an  altitude  greater  than  that  of  the 
triangle  ABC,,  it  will  shew  that  the  two  lines  DE  and  DG  would 
both  cut  the  same  side,  as  in  Fig.  370,  in 
which  EF  19  obtained  as  above,  and  GH  = 
S  ABC  ^  I  AD. 

In  practice  it  is  more  convcment  bo  de- 
termine the  pointa  F  and  G,  hj  these 
proportlong ; 

BK  :  AK  : :  EF  :  AF ;  and  BK  :  AK  : :  GH  :  AH. 
The  division  of  a  triangle  into  a  greater  number  of  parts,  having 
any  ratios,  may  fee  effected  in  a  similar  manner. 

(533)  This  problem  admits  of  a  more  elegant  solution,  analogous 
to  that  given  for  the  division  into  two  •'"'S-  S"- 

parta,  grapliicaLly.    Divide  AC  into 
three  equal  parta  at  L  and  M.  Join 
BD,  and  from  L  and  M  draw  paral- 
Icla  to  it,  meeting  AB  and  BG  in  E    *"        t  FTt" 
and  G.    Draw  ED  and  GD,  which  will  be  the  desired  lines  of 
division.    T!ie  figure  is  tbe  same  triangle  as  Fig.  369. 

The  pointa  E  and  G  ean  be  obtamcd  on  the  ground  by  measm* 
ing  ADand  AB,aiid  making  the  proportion  AD  ;  AB  ::  ^  AC;  AE. 
l"ho  point  G  is  similarly  obtained. 

The  sama  method  will  divide  a  triangle  into  a  greater  number 
of  parts. 

(531)  To  divide  a  triangle  into  four  equivalent  triangles  by 


linca  terminating  in  the  eldes,  is  very 
easy.  JTrom  D,  the  middle  point  of  AB, 
draw  DE  parallel  to  AC,  and  from  F, 
Uio  middle  of  AC,  draw  FD  and  FE. 
The  problem  is  aow  solved. 


rig.  373. 


OBAr.  III.] 


Diriding  up  Land, 


(535)  By  lines  passiog  tbroogb  a  pviut  iriUiln  Ihe  Irlanglp. 

Let  D  be  ft  given  poiut  (such  as  a  lyoll,  Fig.  :i73, 

&c.)  n-itLin  a  triangular  fit'ld  ABC,  from 
Tiluch  Tericca  are  Ui  ran  go  aa  to  divide 
the  trinnglo  into  tii'a  equivalent  parts. 
Join  AD,  Take  E  ia  tla  middle  of  BC, 
and  from  it  draw  a  parallel  to  DA,  meeting  AC  in  I".  EDF  ia 
the  fence  required. 

(530)  If  it  bo  r<!<iuired  to  di- 
vide a  triangle  into  two  equiva- 
lent parta  by  a  straight  line  pass- 
ing throngh  &  point  ivitliin  it,  pro- 
ceed thiis.  Let  P  be  tLe  given 
point.  From  P  draw  PD  paral- 
lel to  AC,  and  PE  parallel  to  BC. 
Bisect  AC  at  F.  JoInTTB.  From 
B  draw  BG  parallel  to  DF.  Then 
bUect  GC  in  H.  On  HE  de- 
scribe a  semicircle.  On  it  act  off 
EK  =  EC.  Join  KH.  Set  off 
HL  =  HK.  The  line  LM  drawn  ^ 
from  L,  through  P,  will  he  Qia 
division  lino  required. 

This  figure  ia  the  same  as  that  of  Art.  (519).  The  triangta 
ABC  contains  acres,  and  the  distance  CL  ^  2T.S1  chains, 

as  in  the  example  in  that  article. 

(537)  Next  suppose  that  the  trian- 
gle ABC  is  to  be  divided  into  three 
equivalent  parts  by  lines-  starting  from 
a  point  D,  within  the  triangle,  given  by 
the  rectangular  co-ordinates  AE  and 
and  ED.  Let  ED  be  one  of  the  lines  ""^H"  Kr£- 
of  division,  and  F  and  G  the  other  points  required.  The  point  P 
will  bo  determined  if  AH  is  Icnown ;  AH  and  HF  being  its  rectan- 
gular co-ordinates.    From  B  let  fall  the  perpendicular  BK  on  AC. 
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The  position  ot  the 


other  point,  G,  is  determined  in  a  similar  manner. 


(538)  Let  DB,  instead  of  DE, 
1)0  one  of  the  required  lines  of 
division.  Divido  ^  ABC  by  half 
■of  the  perpendicular  DH,  let  fall 
from  D  to  AC,  and  the  quotient 
will  bfi  the  distance  BF.   To  find 


Fig.  376 


G,  if,  aa  in  this  figure,  tho  tnan-  a' 


gle  BDC  (=EC  X  JDK)  h  less  than  »  ABC,  divide  the  excess 
of  the  latter  (ift-hich  irill  be  CDG)  by  J  DE,  and  the  quotient  will 
U  CG. 

Example.  Let  AB  =  30.00;  EC  =  45.00;  OA  =  50,00. 
Let  tho  pcrpeadiculara  from  D  to  tha  gide3  be  these  ;  DE  =10.00  ; 
Dll  =  20.00  ;  J>K  =  6.17J.  The  content  of  the  triangle  ABC 
iviil  be  666,6  square  chtdna.  Each  of  the  smnll  triangles  must 
therefore  contain  222.3  sq.  chs,,  BD  being  one  division  line,  Ws 
flliall  therefore  have  BF  =  222.2  ^  ^  DH  =  22.2  chwns.  BDC 
=  45  X  ^  X  5.17  J  =  116,4  sq.  cli3.,  not  enough  for  a  second  por- 
tion, but  learing  105,8  eq.  chs.  for  CDG;  vrhence  CG  =  21.16 
cbs,  To  prove  the  vrorlt,  calculate  the  content  of  the  Tcmoioing 
portion,  GDFA.  We  shall  find  DGA  =  144.2  eq.  eha.,  and  ADF 
=  78.0  sq.  cl5.,  moting  together  222,2  sq;.  cha.,  as  roqiaircd. 

The  scale  of  Fig.  3T6  ia  30  chaiM  t»  1  inch  =  1  :  2S760. 

(539)  The  preceding  ease  may  Fig.  377. 

be  also  eolved  graphically,  thus.  yV 


of  division.    Then  take  a  point,    jl^-'"'  vV'.^ 

M,  in  tlie  middle  of  BG,  and  from  a^i^  -\x  

it  draw  a,  line,  MF,  parallel  to  DA.  DF  will  lie  the  third  line  of 
diTiflion.  This  method  is  neater  on  paper  than  the  preceding ;  but 
less  convenient  on  the  ground. 


TakeCL  =  JAC.  Join  DL,  and 
from  B  draw  BG  parallel  to  DL. 
Join  DG.  It  will  be  a  second  lino 


CHAP,  ni.3 


(510)  Let  it  be  required  to  divide  Fi;;.  378. 

tie  triangle  ABC  into  tliree  equiva- 
lent triangles,  hy  lines  drawn  from 
the  tliree  angular  points  to  some  vn^ 
Jcnou-n  point  within  the  triangle.  This 
point  is  now  to  be  found.  On  anj 
Bide,  as  AB.  take  AD  —  ^  AB.  From  I>  draw  DE  parallel  to 
AC.    The  middle,  F,  of  DE,  \s  the  pcint  required. 

If  the  three  small  triangles  are  not  t-o  be  equivalent,  lut  aro  (0 
have  to  each  otter  the  ratios  ::in'.n:p,  F'ff-  3T)). 

divide  &  side,  AB,  uato  parts  having 
these  ratios,  and  throngh  each  point 
of  division,  D,  E,  draw  a  parallel  to 
the  side  nearest  to  it.  The  intersec- 
tion of  these  paralleU,  in  F,  13  the 
point  required.  In  the  figure  the  parts  ACF,  ABF,  BCP,  are  aa 
3:3:4. 


(all)  Let  it  bo  required  to  find  Fig,  390. 

the  position  of  &  point,  D,  situated 
within  a  given  Iriangle^  ABC,  and 
equally  distant  from  the  points  A,  B, 
C ;  and  to  determine  tlie  ratios  to 
ejvcli  other  of  the  three  triangles  into 
which  the  given  triangle  is  dinded. 

construction,  find  the  centre  of  the  circle  passing  throu^ 
A,  B,  C.    Thia  will  ba  the  required  point. 

By  cEdculalion,  the  distance  DA  =  DB  =  DC  =  -^^  X  BO  x  CA 

4  X  area  ABC 

The  three  small  triangles  will  be  to  each  other  as  the  sinos  of  their 
angles  at  D ;  i.  e,  ADB  :  ADC  :  BDC  : :  sin.  ADB  :  sin.  ADC  : 
sin.  BDC.  Tliese  angles  aro  readily  found,  ginoe  the  sine  of  half 
of  each  of  tbem  equals  the  opposite  side  divided  bj  twice  ooe  tt 
the  equal  distances. 


SS 
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(512)  By  flie  sliorlesi  possible  line.    Let  it  be       Fis.  38i. 
req^uired  to  divide  the  triangle  AUC  by  tiie  shortf 
est  possible  line,  DE,  into  two  porta,  ivhiclt  shall 
be  to  each  other  ::  m  :  n;  or  DBE  :  ABC  : :  m 
:  m  +  ?i. 

From  the  smallest  angle,  B,  of  tlio  triangle, 
measure  along  the  sides,  BA  and  BC,  a  distance 

line  required.    It  is  perpendicular  to  tbe  Une  SF  ^tiicb  bisecta 

the  ajDgte  ABC ;  and  it  ia  =  -  / (■        x  AB  x  nc)  • 

°  COS.    B  V  \m  +  »  ' 


BD 


DE  is  the 


DIVISION  OF  RECTANGLES. 

(5J3)  By  linrs  pArallcl  lo  a  side.  Divide  two  opposite  sidea 
mio  the  rci^oired  number  of  parts,  cither  equal  or  in  any  given 
ratio  to  each  other,  and  the  lines  joining  the  points  of  division  will 
1)6  the  lines  desired. 

The  same  method  is  applicable  to  any  parallelogram. 

Example.    A  rectangular  field  Fig'  382. 

ABCD,  measuring  15.00  cliaing 
by  8.00,  ia  bought  by  three  men, 
■who  pay  respcetivcly  $300,  $-400 
and  $500.  It  ia  to  be  divided 
among  them  in  that  proportion. 
Ati».  The  portion  of  the  first, 
AEE'B,  13  obtained  by  makuag  the  proportion  300  +  400  +  500  : 
300  : :  15.00  :  AE  =  3.75.  EF  is  in  like  manner  found  to  be 
5.00 ;  and  FD  =  G.25.  BE'  is  made  equal  to  AE;  E'F'  to  EF ; 
and  F'C  to  FD.  Fences  from  E  to  E',  and  from  F  to  F,  will 
divide  tbe  land  as  req^uired. 

TIte  scale  of  the  figure  ia  10  chains  to  1  inch  =  1 :  7920. 

The  other  modoa  of  dividing  up  rectangles  will  bo  given  undei 
tlic  head  of    Quadrilateral,"  Ai-t.  <518),  &c. 


1 

1 

1, 
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DIVISION  OF  TRAPEZOIDS. 

(544)  By  lines  parallel  to  llie  ba$e$>  Given  tlie  basea  and  a 
third  side  of  the  trapezoid,  ABCD,  to  be  Fig  383. 

divided  into  two  pni-ts,  such  that  BCFE  ; 
EFDA  : :  fl( :  n. 

The  length  of  the  deaircd  dividing  line, 

EF=y/(?L^l^±^^i^). 

Tl.odi.taaceBEl-^^\f^. 

Example.  Let  AD  =  30  chauis;  BC  = 
20  chs. ;  and  AB  =  54^  chs. ;  and  the  parts 
to  le  as  1  to  2 ;  required  EF  and  BE. 
Am.    EF  =  23.80  ;  and  BE  =  20.GJ. 

The  figure  is  on  a  scale  of  30  chains  to  1 
inch  =  l:23TliO. 

(515)  Giv-eu  the  bases  of  a  trapezoid,  and  the  perpendieular 
distjinee,  BII,  between  them;  it  ia  required  to  divide  it  as  before, 
and  to  find  EF,  and  tlie  altitude,  BG,  of  one  of  the  parts.  Let 

BCFE  :  EFDA  ::  m  :  n.    Then  EG  =  —  ^S^S^  + 

AD — B(j 


jV   m        2  X  ABCD  X  BH     /BC  x  BHV  =-| 

vLm  +  »*^       AD  — BU  \AD  — Bc'  J' 

*ii    _  -an 

EF  =  BC  +  BG  X 


BH 

Example.  Let  AD  =  30.00  ;  BC  =20.00;  BH  =  54.00  ; 
!ind  the  two  parts  to  be  to  each  other  : :  40  :  S9. 

The  ahove  data  give  the  content  of  ABCD  =  1350  equaro 
chains.  Substituting  these  numbers  in  die  above  foimula,  we  obtain 
BG  =  20.96,  and  EF  =  23.88. 

(£16)  lines  starting  frum  points  In  a  &idc.  To  divide  a 
trapezoid  mto  parts  equivalent,  or  having  any  ratios,  divide  ?ta 
parallel  sides  in  the  same  ratios,  and  join,  the  corresponding  points. 
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If  it  be  also  required  that  tho  division  licce  sliili  start  fiotc 
given  jfoints  on  a  side,  proceeil 
tlms.    Let  il.  be  rc^iuired  to 
divide  the  trapezoid  ABCD 
into  three  etiuivalerit  parts 
fciicca  starling  I'rum  P  and  Q 
Divide  the  trapezoid,  as  sbova 
directed,  into  tliree  equivalent 
trapezoids  by  tlie  Imea  EF  and  GE.    These  three  trapezoida  ma 
now  be  transformed,  thus.    Join  EP,  and  from  F  draiv  FR  pnral 
lei  to  it.   Join  PR,  and  it  will  be  one  of  the  division  hnes  required. 

The  otter  division  line,  QS,  is  obtained  sixaihrly. 

(517)  Olhcr  cases.  For  other  ca9P3  ;f  dinding  trapcwi^g, 
applj  Chose  for  quudrilaterals  in  geu<;ral,  ^ven.  m  the  fuUowiui; 
articlea.' 

DIVISION  OF  QUADRILATERALS. 
(548)  By  Urns  paralld  t»  a  side.   Let  ABCD  be  a  ciuadrila 

tera!  whiuh  it  \a  required  ta  Fig.  38.'i. 

divide,  by  a  line  EF,  ]mral- 
lel  to  AD,  into  two  parts, 
BEFC  and  EFDA,  whieh 
ehall  be  to  each  othor  as 
m:n.  Prolong  AB  and  CD 
to  intersect  in  G.  Let  a  be 
the  area  of  the  triangle 
ADG,  obtained  by  tiny  me- 
thod, gTiiphieal  or  trigono- 
metrical, and  fl-' =  tho  area  "  g'  h  c' 
of  tlie  triangle  BCG,  obtained  by  euhtracting  the  area  of  the  g^ven 
i^uadri lateral  from  that  of  the  triangle  ADG.    Then  GK  =  GH 

/{  -?!L.+  .^"!.  \ .  Having  measured  thia  length  of  GK  from  G  on 
V  \{m  +  a)  ar  ^  ° 

ail,  act  olTat'K  a  perpendicular  to  GK,  and  it  will  be  Iho  required 
line  of  divialoD. 

'  If  a  line  be  drnvrii  joiining  the  middle  paint«  of  the  parallel  hues  of  a  (rape- 
C^iJ,  an^  iiVie  il  raw  El  thmuijli  tlio  iti-]>lle  of  t'm  first  liui.-,  And  caeeting  ibe  parol- 
W.  biueiE,  will  divid?  tlio  trapinwi  into  two  KquiTftlcnt  Fflrls. 


CBAP.  ni.J 
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Otherwise,  take  GE  =  GA,  /(l^!^''-!-)  ;  anJ  from  E  run 

ft  parallel  to  AD. 

If  the  tvro  parts  of  tLo  quadrilateral  were  to  be  cquivalentf  m  =n, 

and  we  have  GK  =  GH  ^^li-f-J  ;  and  couaeitiuentl^  GE  to 

GA  in  the  same  ratio. 

Example.  Let  a  quadrilateral,  AECD,  be  required  to  be  tLufl 
divided,  and  let  its  angles,  B  and  C,  be  given  bj  rectangular  co-ordi- 
nates,™:  AB' =  6.00 ;  E'B  =  9.00;  DC  =  8.00;  C'C  =  13.00; 
B'C  =  24.00.  Here  GH  is  rcadUj  found  to  bo  29.64  ;  ADG  = 
5G3.16  square  cbaius ;  aiidBGC  =  220.1G3ciuare  chains.  Hence, 
by  the  fonuuia,  GK  =  24.72  ;  whence  KH  =  GH  —  GK  =  4.92 ; 
and  tlie  abscissas  for  the  poiats  E  and  F  can  be  obtained  a 
simpEe  proportion. 

The  scale  of  the  figure  is  20  chains  to  1  inch  =  1 : 15840. 

If  the  quadrilateral  be  given  bj  Bearings,  part  off  the  dcsLred 

.  AECD,  by  the  fommlas  of  Art.  (5«0- 


urea  —  

m  n 

Suppose  now  that  a  quad- 
rilafceral,  ABCD,  is  to  be  di- 
vided into  p  equivalent  parts, 
by  lines  parallel  to  AD. 
Measure,  or  calculate  by  Tri- 
gonometry, AG.  Let  Qbe 
the  qTiadrilateral  ABCD,  snd, 
aa  lefore,  a'  =  BOG.  Then 


Fig.  see. 


If  the  quadrilateral  be  given  by  Bearings,  part  off",  by  Art.  (501), 
1  2 

-  .  ABCD,  then  part  ott  -  .  ABCD  ;  &c. ;  so  in  any  similar  caao, 
P  P 


«5S 
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(549)  Ky  lines  pcrpc ndjrular  la  a  $id¥.  I'Ct  ABCD  bo  a 
C|uailrilat€ral  ivliicli  13  to  lie  divided^  hy  Fig.  367. 

a  line  perpeiidieular  to  AD,  Lito  two  i 
parta  Laving  a  ratio  =  in  :  n.    Ky  liypo- 

tJie&ia,  ABEF  =  .  ABCD. 

m  +  H 

Taking  a^-ay  the  triangle  AUG,  the  ^  Ji 

remainder,  GBEF,  will  be  to  the  rest  of  the  figure  iii  a  known 
ritio,  and  the  position  of  EF,  parallel  to  EG,  will  be  found  as  in 
tlio  last  article. 


(&50>  By  linfs  running;  iq  any  gtren  dlreclion.  To  divide 
a  (jnadrilateral  ABCD  into  two  parts  ::  tji  :  n,  part  off  from  it  an 

.  ABCD,  bj  the  methods  of  Arts.  (509)  or  (5|0), 


area  = 


»i  +  II 

if  the  area  parted  off  ia  to  bo  a  triangle,  or  Arts.  (511)  or  (512), 
if  the  area  parted  off  b  to  be  a  quadrilateral. 

(5il}  By  liQCS  StarUng  from  aa  augle.     ABCD  is  to  b« 
divided,  hj  the  line  CE,  into  two 
part3  having  the  ratio  m  :  11. 
Since  the  area  of  tlie  triansle 


Fig.  386. 


CDE  = 


.  ABCD,  DE  wiU 


m  +■  )i 

be  obtained  hy  dividing  this  area 
byhalfof  tho  altitude  CF. 


iSBi)  By  lines  sUrtjOis;  from  palate  in  a  side^    Let  it  be 


rctiuired  to  divide  AJ3CD  into  two 
parts  : :  m  :  «,  bj  a  lino  starting  from 
the  point  E.    The  area  ABFE  ia 


Fig.  38D. 


knoinij  (being  = 


.  ABCD)  as 


»n  +  n 

also  ABE;  AE,  BE,  and  EA  be- 
ing given  on  tho  ground.    EEF  will  then  be  known  =  ABFE-  - 

ABE.,    Then  GF  =  f^,  and  the  point  F  Is  obtained  by 

i  parallel  to  BE,  at  a  perpendicular  dUtanee  from  it  =  GP. 


cn»p.  III.] 
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Tq  divnJe  &  quadrilateral*  ABCD, 
graphicallv,  into  Oco  equivalent  f&rts 
by  tk  line  from  a  point,  E,  on  a 
Bide,  proceed  thus,  Br.w  t!ic  dlago- 
aai  OA,  and  from  B  draw  n  parallel 
to  it,  meeting  DA  proloaged  in  F. 
Mark  the  middle  point,  G,  of  FD.  »^ 
Join  GE,  From  C  draw  a  parallel  to  EG,  tncetinj^  DA  in  H.  EH 
13  tlie  required  line.  The  riuadrilateral  could  als*  be  divided  in 
aay  ratio  =ss  m  :  n,  by  dividing  FD  in  that  ratio. 

If  the  quadi  ilateral  be  given  by  Bearings,  proceed  to  part  off 
the  desired  area,  as  in  Art.  (519)  or  (516). 

(S53)  Let  it  be  required  to  divide  a  quadrilateral,  ABCD,  into 
three  equivalent  parts. 
From  any  angle,  aa  C, 
draw  CEj  parallel  to  DA. 
Divide  AD  and  EC,  each 
into  three  equal  parts,  at 
F,  F',  and  G,  G'.  Draw 
BF,  BF'.  From  G  draw 
GH,  parallel  to  FB,  and 
from  G'  draw  G'lV,  pa- 
rallel to  FB. 


Fig.  391. 


g  F' 
FH  and  F'll'  are  the  required  lines  of  divLsioa. 

Fig.  392. 


Let  it  be  required  to  make 
the  above  division  by  h'ltea 
starting  from  two  given 
points,  P  and  Q.  Reduce 
the  quadrilateral  to  an  equi- 
valent triangle  CBE,  as  in 
Art.  (8J).  Divide  EB  into 
three  equal  parts  at  F  and 
G.  Join  CQ,  and,  from  G, 
draw  GK  parallel  to  it.  Join  CP,  and  from  P  draw  FL  parallel 
to  it.    Join  FL  and  QK,  and  they  will  be  the  division  tinea  required. 

(5^4)  By  lines  passlns  Ibron^h  a  point  itilhin  Ibe  fitiarct 

Proceed  to  part  off  the  desired  area  aa  in  Arta.  (519),  (529),  at 
(521),  according  to  the  circumstances  of  the  Case. 
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DIVISION  OF  POLYGONS. 

(555)  By  Ifaes  rannin^  Id  any  directloDi    Let  AUCDEFG  ba 

a  given  poljgon,  aad  BH  the  di- 
rectioii  parallel  to  wliich  is  to  be 
drawn  a  line  PQ^  dividing  the 
polygOQ  into  tiro  parts  in  any  de- 
aired  ratio  =  ni :  n.    The  area 


PCDEQ  = 


.  ABCDEFG, 


Taking  it  from  the  area  BCDEH, 
the  remainder  will  be  the  uma, 
BPQH.  The  quadrilateral  a'— 
BCEH,  CE  being  $uppog.ed  to  Ic  drawp,  can  then  be  divided  by 
the  method  of  Art.  (548),  into  two  parts^  BPQIl  and  PQEC, 
having  to  each  other  A  known  relation. 

If  DK  were  the  given  direction,  at  right  angles  to  tlie  former, 
Lho  positioa  C'f  a  dividing  lino  B$  could  be  similarly  obtained. 

By  lines  starliug  rrom  au  oagle.  Produce  one  side,  AJI 

FiR.  33*. 


W        B  P  T 

of  the  given  polygon,  both  ivajs,  and  reduce  the  jioljgon.  to  a  single 
equivalent  ti-iang3e>  XYZ,  by  the  method  of  Art.  Then 
divide  the  base,  XY,  in  the  required  ratio,  as  at  lt7,  and  draw 
ZW,  ivhifh  will  ho  the  division  line  desired.  In  this  figure  the 
polygon  is  divided  into  two  equivalent  parta. 


86] 


If  the  dinsion  line  should  pas3  outside  of  the  polygon,  as  docs 
ZF,  tlirough  F  driLM  a  parallel  to  BZ,  mccdag  the  adjacent  side 
of  the  polygon  ia  Q,  aud  ZQ  nill  be  the  division  line  desired. 

i5a^)  By  lines  startlos  rrora  a  point  on  a  side.  Sco  Articlee 
(517)  and  (518)  in  the  precctling  cJiapter. 

(558)  Kf  tints  passing  lbronf[:h  a  point  wttbfn  Ihe  fifriire> 

Part  off,  tia  in  Aits.  (519)  er  (522)  in  tho  preceding  chapter, 
if  a  straiglit  line  be  rcqmred ;  or  by  guess  linea  and  the  addition 
of  triangles,  aa  in  Art.  (5S8)  of  this  chapter,  if  the  linos  have 
merely  to  start  from  the  point,  siach  as  a  spring  or  ivelL 

(559)  Other  probkms.  The  fvllowing  ia  fi-om  Gummore's  Sur- 
veying, Questmi,  A  tract  of  land  is  Fig.  395. 
bounded  thus:  N.  36^°  E.,  23.00 ;  N.  yf^  f_ 
75^°  E.,  30.60 ;  S.  SJ^  E.,  46.49 ;  N. 
GGJo  W.,  49.G4.  It  is  to  he  divided  into 
foar  eqmvaletit  parld  by  two  straight  lines, 
one  of  which  ia  to  run  parallel  to  the  third 
Bide ;  req^uired  the  disuLDce  of  the  parallel 
division  line  from  the  first  comer,  meo- 
Bured  on  the  fourth  side ;  also  tlic  Bearing 
of  the  oUicT  division  line,  and  its  diatance  from  the  same  comer 
meaayrcd  on  the  first  side.  Atts.  Diatance  of  the  parallel  divi- 
eion  line  from  the  first  comer,  32.50 ;  the  Bearing  of  the  other» 
S.  88^  22'  E.;  and  its  distance  from  the  same  comer  5.99. 

The  scale  of  the  figure  is  40  cliaina  to  1  inch  =  1 :  316S0. 

An  indefinite  number  of  problems  on  thi&  Bubjcct  raighit  be  pro- 
posed, but  they  would  be  matters  of  curiosity  rather  than  of  utility, 
and  exercises  in  Geometry  and  Trigonometry  rather  than  in  Suc^ 
vejing;  and  the  youngest  etudenfr  will  find  his  life  too  short  for 
even  the  hastiest  survey  of  meroly  th&  most  fruitfol  parte  of  th« 
boundlesa  field  of  Mathematics. 


'^'^^^^  PART  XII. 


THE  PUBLIC  LANDS 
OF  THE  UNITED  STATES/ 


(560)  General  sysim*  The  Public  Lands  of  die  United  Statet 
6f  AmcncA.  are  generollj  divided  and  laid  out  into  squares,  Die 
aides  of  vihich  run  tniij-  North  and  South,  or  East  and  West. 

Tills  is  effected  by  means  of  Mei  idian  lines  and  Parallels  of  Lati- 
tude, established  ebc  miles  apart.  The  principal  meridians  aud  baao 
lines  arc  i^stablished  nstronomicallj,  and  the  lutci-uediate  ones  arc 
run  wiiii  chain  and  compass.  The  5i|uarcs  thua  formed  are  called 
TowNSmps.  They  contiun  36  ajuarc  miles,  or  230:10  acres,  "  aa 
nearly  as  may  be,"  The  map  o-n  the  opposite  paj^B  re]tresciits  a 
portion  of  the  Territory  of  Oregon  thus  laid  out.  TTie  scale  is  10 
miles  to  1  inch  =  1 :  633600'.  Oa  it  will  be  seen  the  "Willamette 
Meridian,"  runnins  truly  Nortb  and  South,  and  a  "Base  line," 
which  Is  a  Parallel  of  Latitude,"  rmmiiig  truly  East  and  West. 
Parallel  to  these,  and  six  miles  from  them,  are  other  lines,  forming 
Tomjships.  All  the  Townsliips,  situated  North  or  South  of  each 
uiher,  form  a  Kaa'UE.  The  Ranges  are  named  by  their  number 
East  or  West  of  the  principal  Jleridian.  In  tlic  figure  are  seen 
three  flanges  Ease  and  West  of  the  Willanaette  Meridian.  TLey  are 
noted  a.a  It.  I.  E.,  R.  L  W.,  &c.  The  Townships  in  each  Kaugo 
are  named  by  their  number  North  or  South  of  the  Baso  line.  lu 

*  The  nbatBDce  of  iLii  l'aii  it  muiuly  lukcn  (rom  "  Iiislruclioiw  to  (lit^  Sarveyor 
Gf^tkvJ^il  oi  Orfffou.  I>t<m^  a  Manual  1i>r  P~i.r]J  0[i<.-mLi<iiit,'^  [>ri'-i>nrtiF,  lit  \lnrc\tf 
1*31,  liy  Johu  M.  Moon'.  rriiicipnl  Civrk  of  Siirre-yi,"  by  Uirvclioii  cf  lion, 
J.  Duiti^iiielLl.  "  Cainmiuiunpr  uf  ilii^  GeD«ral  Land  Oflicp,''  mid  cominuuicaipij  to 
Ihe  auilior  by  Hon,  Jirliri  Wilson,  i lie  pre)"Tit  CiDminiiBiorer.  The  nim  of  iha 
'■  luitriKlioiij"  it  BlBltiJ  lo  l>e  "  *iiii|ilii;icy,  uiiifoniiiiy  mid  pcrninncncy."  They 
Uf.'TiL  oJriktrably  aJapt<il  for  Eh^^ae  oljucfs,  nnil  \  IjuLirj^  im[.i>rtnTtct-  of  th«  iiitrjt^ 
in  \\ita  country  hai  Ud  iLe  nulhor  tu  rv-prodnce  Bbout  linlf  of  lliom  in  Ibii  place. 
Tlioy  ixere  Bub.ieqiieiitly  iJirected  to  uo  ndnpted  tor  (lie  Surveying  Krvice  in 
MitLDciciia  Biid  Cnlifuriiia. 


m 
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tlio  figure  alon^  the  prlncipai  Meiidian  arc  seiji  four  North 
anJ  five  Soutli  of  the  Base  line.  Tliej  aro  noted  as  T.  1  N., 
T.  2  N.,  T.  1  8.,  U.' 

Each  Township  is  divided  into  36  SeC-  JJ 
TtONS,  each  1  mile  square,  and  therefore 
conbaining,  "as  nearlj^  aa  may  be,"  G-10 
acres.    The  sectiona  in  each  Township  are 
numbered,  as  ia  the  marf^n,  from  1  to  SG, 
beginniug  at  the  Nortli-east  angle  of  the 
Townahip,  and  going  West  from  1  to  6, 
then  East  from  7  to  12,  and  ao  on  alter- 
nately to  Section  36,  which  will  be  in  the  Soutli-east  angle  <)t  the 
Towaahip.    The  Scclioaa  are  sub-divided  into  Quarter-sec tioca, 
half-a-inile  aquarc,  and  containing  IQO  acres,  and  sometimes  into  half- 
Huartcr-sectiona  of  80  acres,  and  quarter-quarter-sections  of  40  acres. 

By  this  beautiful  system,  the  smallest  subdivision  of  land  can.  be 
at  once  designated;  such  as  the  North-east  quarter  Section.  31, 
in  Township  two  South,  in  range  two  East  of  Willamette  Meridiaji. 

(flfil)  DiflScnllyi  "The  law  requirea  that  the  lines  of  the 
public  surveys  shall  bo  governed  by  the  true  meridian,  and  that 
the  townships  shall  be  tlx  mths  square, — two  thmgs  involving  in 
connection  a  mathematical  impossibility— for,  strictly  to  conform 
to  the  meridian,  aecessarity  throws  the  township  out  of  square,  by 
reason  of  the  conoergenci/  of  mtridtans  ;  hence,  adhering  to  tlie 
true  meridian  renders  it  necessary  to  depart  from  the  strict  require- 
ments of  law  aa  respects  the  precise  area  of  townships,  and  tlie 
Bubdivisional  parts  thereof,  the  tow-nship  assuming  something  of  a 
trapezoidal  form,  vLich  inequality  Jevelopca  itaclf,  more  and  mora 
as  such,  the  higher  the  latitude  of  the  surveys.  In  view  of  tht'so 
circumstaaees,  the-law  provides  that  the  seetions  of  a  mile,  square 
fibflll  contain  the  quantity  of  G4.0  acres,  as  warly  as  maif  be  ;  and, 
moreover,  provides  that  '  In  all  cases  where  the  exterior  lines  of 
the  townships,  thus  to  be  subdivided  into  sections  or  half-sectiooa, 
ehaU  exceed,  or  shall  not  extend,  bix  miles,  the  exccea  or  deSpiency 

"  Tlie  ranrka  0,  +  nnJ  A  ,  merely  if-rcr  to  the  dates  nf  (lie  mrveyj.  Tlipy  iiw 
mwliiueg  uieJ  li*  point  out  luatls  a9i:rciJ  fur  tale,  or  I'CKrveJ,  Sua. 
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ehaU  he  apeciall/  notcil,  and  added  to  or  deducted  from  the  weetem 
or  mrthera  rangea  of  sections  or  halPeections  in  sucli  toM-nsliip^ 
according  fna  the  error  may  be  in  ruADiiig  the  lines  from  ctifit  to 
Treat,  or  from  south  -to  north.' " 

In  order  to  tluw  the  escesaes  or  deficiencies,  as  the  Caeo  may 
bo,  OQ  tlte  north  and  on  the  west  sides  of  a  township,  according  to 
law,  it  b  necessary  to  surrey  the  section  linca  from  touOi  to  north 
Oo  a  true  meridian,  leaving  the  result  in  the  nortliern  line  of  the 
towQsliip  to  be  governed  by  the  conve:tity  of  the  earth  and  the 
convergency  of  meridians." 

Thus,  aujipose  the  land  to  be  euryeyed  lies  between  4S°  and  47^ 
of  North  Latitude.  The  length  of  a  degree  of  Longitude  in  Lat. 
46^  N.  is  taken  aa  48.0705  statute  miles,  and  in  Lat.  47-"*  N.  as 
47.1944.  The  difference,  or  convergency  per  square  degree  = 
0.S761  =  70.08  ciiains.  The  tonyergency  per  Range  (8  per 
degree  of  Longitude)  equals  one-eighth  of  this,  or  8.7G  chains ; 
and  per  Township  (11  ^  per  degree  of  Latitude)  equals  the  above 
divided  by  11^,  i.  c.  0.7G  chain.  We  therefore  know  that  tho 
width  of  the  Tovmshipa  along  their  Northern  line  ia  7G  links  leaa 
than  on  their  Southern  line.  Tlic  toMiTiahips  North  of  the  lase  line 
therefore  become  narrower  and  narrower  than  the  six  miJe  width 
with  wliich  they  start,  by  that  amount ;  and  those  South  of  it  as 
much  wider  than  six  miles. 

"  Stasdard  Parallels  (usually  called  comcilon  lints'),  are 
established  at  stated  intervals  (24  or  30  miles)  to  provide  for  or 
counteract  the  ciTor  that  otherwise  would  result  from  the  conver- 
gency of  meridians ;  and,  because  the  public  Burvcys  bare  to  be 
governed  by  the  true  meridian,  such  lines  serve  also  to  arrest  error 
arising  from  inaccuracies  in  measureiDQntg.  Such  lines,  when  lying 
north  of  the  principal  base,  themselves  constitute  a  hage  to  the  sur^ 
veya  on  the  north  of  them ;  and  where  l_j-ing  south  of  the  prin- 
cipal baae^they  constitute  the  base  for  the  surveys  south  of  them." 

The  convergency  or  divergency  above  noticed  is  taken  up  on 
these  Correction  lines,  from  which  the  townships  start  again  vr'ith 
their  proper  widths,  Oo  these  thcrefcre  there  are  found  Double 
Corners,  both  for  Townships  and  Sections,  one  set  being  the 
Clotinj  Comert  of  the  surveys  ending  there,  and  the  other  set 
being  the  StandonJ  Comert  for  the  surveys  starting  there4 
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(562)  Rtirnilnir  Township  lints,  "  The  principal  moridian,  ilia 
baac  line,  and  the  standard  paralltils  Laving  been  first  astronomi- 
callj  run,  measured,  and  marked,  according  to  iriatnictions,  on  tnid 
meridians,  and  true  parallels  of  ktitude,  the  process  of  rutiiiiitg, 
measuring,  and  raarking  the  exterior  lines  oi"  toiviisliips  will  be  as 
follows, 

T^ownehips  gitiiated  sorth  of  the  base  line,  and  west  of  the 
principal  meridian.'  Commence  at  No.  1,  hcmg  the  soatliwest 
corner  of  T.  1  N. —  R.  1  W.,  aa  establislieii  on  die  base  line; 
thence  run  jtarth,  on  a  true  meridian  line,  four  hundred  and  cightj 
ohnins,  estaljlishing  tlio  mile  ami  half-mile  comers  thereon,  as  j^.flr 
instructions,  to  No.  2,  (the  northwest  comer  of  the  sajue  townstiip). 
whereat  estabhsh  the  comer  of  Tpa.  1  and  '1  K. —  Rs.  1  atid  2 
W.  ;  tiience  east,  on  a  random  or  trial  line»  getting  iempororif  mile 
and  half-mile  stakes  to  No.  3,  (ihe  nortlieast  corner  of  the  same 
township),  where  measure  and  note  the  distaaee  at  ivhicli  the 
line  intersects  the  eastern  boundary,  iiortli  or  south  of  the  tnit 
or  established  corner.  Eun  and  measure  Kcntward,  on  tlie  true 
line,  (taking  care  to  note  all  the  land  and  water  crossings,  ic,  a^ 
per  instructiona) ,  to  No.  4,  'n'hich  is  identical  with  No.  2,  es^tabllt^h- 
ing  the  mile  and  half-mile  permanent  cokxeils  on  said  line,  the 
last  Iialf-mile  of  which  ^rill  fall  short  of  being  forty  chains,  by  about 
the  amount  of  tJie  calculated  eonvergcncy  jier  tomiship,  7G  linta 
in  tho  case  above  supposed.  Should  it  ever  hajipeii,  however,  that 
such  random  line  materially  falls  short,  or  overruns  in  length,  or 
intepseets  tho  eastem  boundary  of  the  towTiabip  at  any  considerable 
distance  from  the  true  comer  thereon,  (either  of  whicli  irould  indi- 
cate an  important  error  in  the  Burveying),  the  lines  must  be  mracej. 
even  if  found  neceasarj  to  remeasure  the  meridional  boundaries  ot' 
the  townsiiip  (especially  the  western  boundary),  eo  a3  to  discover 
and  correct  the  error;  in  doing  which,  the  true  conie>g  must  be 
established  and  marked,  and  the  false  one»  destroyed  and  oblite- 
rated, to  prevent  confuaion  in  future ;  and  all  tlie  facts  must  be 
diatinctly  set  firth  in  tho  notes.  Thence  proceed  in  a  similar 
manner  north,  from  No.  4  to  No.  5,  (the  N,  \V.  comer  of  T.  2  N. 
— R.  1  W.),  east  from  No.  5  to  No.  G,  (the  N.  E.  comer  of  tha 
aame  township),  west  from  No.  6  to  No.  7,  (the  aamc  as  No.  6), 
north  from  No.  7  to  No.  8,  (the  N.  W.  comer  of  T.  3  N.,  R.  1  W.), 
Cfl3t  from  No.  8  to  Ni.  9,  (the  N.  E,  comer  of  same  township),  and 
thence  west  to  No.  10,  (the  same  as  No.  8) ,  or  the  aoutliwest  eomep 
T.  4  N. — R.  1  AV.  I'licnce  north,  stilt  on  &  true  meridian  line, 
establishing  tlie  mile  and  half-mile  corners,  until  reaching  tlio 
BTANOAHD  PABVLLEL  or  corrcctioii  line,  (which  is  here  four  town- 
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sLipa  north  of  the  liasc  line);  tlirowing  the  excetfi  over,  or  iit\ficcenctj 
under,  /mr  hundred  and  eighty  ciiaint^  on  the  iagt  half^il«, 
accordiEg  to  law,  and  at  the  intersection  establishing  the  *'  closisq 
COILNER,"  ihe  distance  of  whicli  from  the  Btandard  corner  mtist  be 
measured  und  iK^tcJ  as  retguircd  by  the  uistructifins.  Hut  slioulii 
it  ever  so  hajipeii  that  some  impassable  barrier  will  Iiave  jirevented 
or  delayed  t!ie  extensiwn  of  the  fitamUrd  piirallcl  along  sind  abovu 
the  field  of  present  survey,  then  t!ie  surveyor  will  plant,  in  place, 
the  comer  for  the  township,  sabject  to  correction  thereafter,  should 
euch  parallel  be  extended. 

Towynhips  tituat?d  KOBTH  0/  iJie  bate  tine,  and  EAST  <'f  the 
principal  meridian.  Commence  at  No.  1,  being  the  goutheait 
comer  of  T,  1  N. — R.  1  E.,  and  proceed  .13  with  townships  eitiia^ 
ted  "  north  and  west,"  except  that  tlie  random  or  trial  lines  will  be 
run  and  meaaurcd  and  the  true  Unea,  east,  tbrowiDg  the 
excess  over  or  deficiency  under  four  hundred  and  eighty  chains  on 
the  Witt  end  of  tJiO  line,  as  required  by  law ;  wherefore,  the  sur- 
veyor will  commence  liia  meaanrement  with  the  length  of  the  defi- 
cient or  excessive  half-section  boundary  on  the  west  of  the  town- 
ship, and  thus  the  remaining  measurements  will  all  be  evea  miles 
and  half-miles. 

TowmJiipB  eifuated  eoiTXn  cf  Oie  hate  linc^  and  WEST  pf  the 
princtpal  meridian.  Commonee  at  No.  1,  the  northwest  comer 
of  township  1  S.,  range  1  W',  and  proceed  due  south  in  running 
and  measuring  line,  establishing  and  marking  the  mile,  lialf-mile, 
and  townalilp  corners  thereon,  precisely  in  the  uiOthod  prescribed 
for  running  noktu  and  ivest,  with  tho  exception  that^  in  order 
to  throw  the  eicess  or  deficiency  (over  or  under  four  hundred  and 
eighty  chains)  of  the  western  boundaries  of  such  of  those  townships 
53  dose  on  the  ttandard  parallel  on  the  iohM,  upon  the  most 
mrth^rn  half-mile  of  the  townships,  according  to  law,  the  procccd- 
io*  wiil  be  as  follows. 

Tlic  western  (meridional)  boundary  line  of  every  township, 
cloiing  on  the  standard  parallel,  (being  every  fifth  one  in  thja 
case),  will  be  carefully  run  touth,  on  a  true  meridian,  until  it  iiitet^ 
BCCts  thfi  Etaiida.rd,  plEUitiiig  stakes  and  malting  distinctive  marks 
on  line  trees,  in  sufficient  number  to  serve  as  (futdca  in  afterwards 
retracing  Uie  lino  north  with  ease  and  certainty.  At  the  point  of 
the  lino'3  intcraection  of  the  standard,  the  surveyor  will  establish 
the  "  closnnrf'  (southwest)  comer  of  the  township,  noting  in  his 
field-book  its  diata.ncc  and  direction  from  the  "atandard  comer." 
Then  etartmg  from  auch  closing  comer,"  he  will  proceed  north 
on  the  line  identified  by  the  guide  stakes  and  marks,  measuring 
Buch  line,  and  establishing  tliereon  the  mile  and  ha/f-mife  stations, 
Aod  Dotiug,  as  he  goes,  all  the  land  aad  water  crossings,  SiC. 
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Towmliips  Situated  BODTH  of  Oie  base  tine,  arid  EAST  of  the 
prhii^pal  viendian.  Commence  at  No.  1,  at  the  northeast  corner 
of  township  1  S.,  range  1  E.,  and  proceed  preciselj  with  tiie 
townships  situated  '*  south,  and  west,"  except  that  the  randtfm 
lineai  will  he  run  and  measured  v^est,  and  tho  ttue  lines  eaH,'  the 
deficiency  or  excess  of  the  meaaurementa  being,  as  in  all  other 
cases,  thrown  upon  the  most  wcstcm  half-mile  of  line." 

(563)  Running  Seclloa  lines.  The  interior  or  eeetional  linea 
of  all  townships,  however  situated  in  reference  ta  the  Base  and 
MEHiurAM  lines,  are  laid  off  and  Burreyed  aa  below. 
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la  the  above  Diagram,  the  squares  and  largo  figures  rcpro- 
Bcnt  sections,  aod  the  smalt  figures  at  their  comers  are  thoso 
referred  to  in  the  following  directions. 

"  Commence  at  No.  1,  (sea  small  figures  on  diagram),  the  eor- 
aer  established  on  t3ie  toivDaliip  boundarj  for  sectioua  1,3,  35,  and 
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36;  thence  r^n  Tiorift  on  a  true  meridian;  at  40  diaine  eettlus 
the  half-tmlc  or  quarter-sect  ion  post,  nn<t  at  80  chains  (No.  2) 
csCabliahing  nni  markm;;  the  comer  of  scctioas  25, 2t>,  35,  and  30. 
Thence  east^  on  a  raiuiotn  line,  to  No.  3,  Betting  the  temporary 
quarter-acction  post  a.t  40  chains,  noting  the  measurement  to  No.  iJ, 
and  the  measured  distance  of  the  randoca's  intersection  nortfi  or 
south  of  the  true  or  establisliod  comer  of  eeetions  2.3,  36,  30,  find 
31,  on  the  towneliip  boundary.  Tiicnce  con-ect,  u-f.gt,  m  the  true 
line  to  No.  4,  setting  the  quarter-section  post  on  this  lino  exactly 
at  the  eqiiidUiant  point,  now  known,  between  the  section  eomera 
indicated  by  the  small  figures  Nos,  3  and  4,  Proceed,  in  liko 
manDer,  fraia  No.  4  to  No.  5,  5  lo  6,  G  to  7,  and  so  on  to  No.  10, 
the  corner  to  sections  1,  2,  11,  and  12.  Thence  iiorlJi,  on  a  ran- 
dom line,  to  No.  17,  Betting  a  temporary  quarter-sec  lion  post  at  40 
chains,  noting  the  Icn^fth  of  the  irhole  line,  and  the  measured  dis- 
tance of  tijc  random's  intersection  east  or  tccet  of  tlie  true  comer 
of  sections  1,  2,  35,  and  established  on  the  township  boundary , 
thence  voidhcardh/  from  the  latter,  on  a  true  Lue,  noting  tha 
coui^e.and  distance  to  No  IS,  the  established  comer  to  ecctioiu 
1,  12,  11,  anil  12,  taking  care  (0  Cftabtish  the  quarto r-Sccti On 
comer  on  tlio  true  line,  at  the  distance  of  40  chains  from  said  sec- 
tion comer,  ao  as  to  throw  the  ej-ceaa  or  f/^^«V»(^  on  the  nortb(^^n 
half-mile,  according  to  law.  Procee<l  in  like  manner  through  all 
the  inter7eTiing  tiers  of  sections  to  No.  73,  the  comer  to  sections 
31,  32,  5,  and  0;  thence  tiorift,  on  a  true  meridian  hne,  to  No. 
74,  establiahvng  the  quarter-section  comer  at  40  chains,  and  at  SO 
chains  the  comer  to  sections  20,  30,  31,  and  32:  thence  cast,  on 
a  random  line  to  No,  15,  setting  a  temporary  (juarter-soetion  post 
at  40  chains,  noting  tlie  measnreraent  to  No.  75,  and  the  distance 
of  the  random's  intersection  north  or  aautfi  of  the  estahliahed  comer 
of  Bectiona  2S,  £9,  32,  and  33  ;  thonce  west  from  said  corner,  on 
the  truo  line,  setting  the  tpiartcr-sectjon  post  at  the  equidistant 
point,  to  No.  70,  ivhich  la  identical  with  74;  thence  w-cai,  on  a 
random  line,  to  No.  77,  setting  a  temporary  quiirter-scution  post 
at  40  chains,  noting  the  meaaurement  to  No.  77,  and  the  tUstnnca 
of  the  random's  intersection  with  the  westcm  boundary,  ?wrth  or 
e<}uth  of  the  established  comer  of  sections  25,  36, 30,  and  ^1 ;  and 
from  No.  T7,  correct,  eaitwiinl,  on  the  true  Une,  yiri'nj/  it»  course^ 
but  establishing  the  quartcr-acction  post,  on  this  line,  so  aa  tq 
retain  the  distance  of  40  chains  from  the  comer  of  sections  29, 
30,  31,  and  32  ;  thereby  throwing  the  w^w?  or  dt-ficiency  of  men- 
aurcment  on  the  most  w'if'«(cr»  half-mile.  Proceed  north,  in  a  simi- 
lar manner,  from  No.  78  to  70,  79  to  80,  SO  to  81,  *nd  so  on  to 
Sl>,  the  south-east  corner  of  section  6,  where  having  established  Ibo 
corner  for  Bectioua,  6,  0,  7,  and  8,  run  thence,  succesiivelj,  :,n 
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random  line  east  to  95,  norOi  to  97,  and  west  to  99 ;  ami  by 
reverse  courses  correct  m  true  lines  hack  to  eaid  aouth-f  aai  comer 
of  section  6,  cBtablishing  the  quarter-aection  coniera,  and  noting 
the  courses,  diatancest  iScc,  as  before  deacribeJ. 

In  townahijis  contiguous  to  standard  paradlela,  the  above  method 
T?ill  be  varied  aa  follows.  In  every  township  SOUrfl  of  the  princi- 
pal btL30  Jine^  n-hieh  doses  on  a  standard  parallel,  the  surveyor  will 
begin  at  the  south-eaxt  corner  of  tlio  townsliip,  and  measure  west  oa 
the  standard,  ostabllaliing  tliereon  the  mtU  and  half-mile  comers, 
and  noting  their  diatances  fro-m  the  pre-establis-bed  corners.  He 
thon  will  proceed  to  subdivide,  as  directed  under  the  above  h€a'3. 

In  tiie  townsliipe  NOHTn  of  the  principal  base  lioc,  wbicL  chse 
on  till!  standard  parallel,  the  sectional  lines  mnst  ho  closed  i>n  tJie 
sta-ndard  by  true  meridians,  instead  of  by  course  lines,  as  dirccwd 
under  the  above  Iicad  fur  toitnahips  othcni"iac  situated ;  and  tlie 
connexions  of  th«  closing  comers  ivitb  the  prc-eatabliahed  standard 
corners  nra  to  be  ascertained  and  noted.  Sucb  procedure  di>e3 
away  with  any  necessity  for  running  the  randoms.  But  in  case 
he  ia  unable  to  close  the  lines  on  account  of  the  standard  not  hav- 
ing been  run,  from  somo  inevitable  ncceaeity,  as  heretofore  me-n- 
tiond,  he  will  iilant  a  U-mpvrar^  stake,  or  mound,  at  Uie  end  of  the 
sixth  mde,  thus  leaving  the  lines  and  their  connexiona  to  bo  finished, 
and  the  permanent  corners  to  bo  planted,  at  such  time  aa  the 
standard  shall  be  extended."" 

(66t)  Excei>IlonaI  inellioilSi  Departures  from  the  general  sys- 
tem of  Buhdividing  public  lands  have  been  authorized  by  law  in 
certain  eases,  particularly  on  water-fronts. 

Tliua,  an  act  of  Congress,  March  3, 1811,  autboriaed  the  sur- 
veyora  of  Lousiana,  "  in  surveying  and  dividing  sucli  of  the  pub- 
lic landd  in  tlie  eaM  territ«ry,  ivbich  are  or  tnay  be  aothorizcd 
to  bo  surveyed  and  divided^  as  are  adjacent  to  any  river,  lake, 
creek,  bayou,  or  water  course,  to  iay  out  the  Bame  into  tracts,  as 
far  as  practicable,  of  fifty-eight  poles  m  front,  and  four  hundred 
and  BLXty-fivc  poles  in  depth,  of  such  shape,  and  bounded  by  such 
linea,  as  the  nature  of  the  country  will  render  practicable  and  most 
convenient."  Another  act,  of  May  24,  18i24,  authonMS  Ittnda 
similarly  situated  "  to  be  Burve3'ed  in  tracts  of  two  acres  in  width, 
fronting  on  any  river,  bayou,  lake,  or  water  course,  and  nimiiug 
back  the  deptli  of  forty  acres;  which  tracts  of  land,  bo  eurveyed, 
flLall  bo  offered  for  sale  entire,  iastead  of  in  balf-quarter-seetious.'* 

The  "  Instructions"  from  which  we  have  quoted  say,  "  In  tliose 
locoJitioa  wliere  it  would  beat  subservo  the  interests  of  the  people 
(o  have  fronts  on  the  navigable  atrcams,  and  to  run  batk  into  the 
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uplands  for  quantity  and  timber^  the  principles  of  the  act  of  JIa/ 
2ith,  1S24,  may  be  adopted,  anii  jou  are  autliorizod  to  enlargo  tbe 
quantitjf  so  as  to  embrace  four  acres  front  bj  forty  in  dcptli,  form 
ing  tracts  of  one  hundred  and  sixty  acres.  3lut  in  bo  doing  \t  ia 
dosigned  only  to  eurvey  tlio  linea  eefiftt'M  cuert/  four  lots^  {f\T  (!4U 
acres),  but  to  establish  tbfl  boundary  posts,  or  mounda,  hi  fnmt 
and  in  rear,  at  the  distances  requisite  to  secure  the  quantity  of  IGO 
acres  to  each  lot,  either  rectangularly,  when  practicable,  or  at 
oblique  angles,  Tthcn  otherwise,  I'be  angle  13  not  important,  90 
that  the  principle  be  maintained,  as  far  as  practicable,  of  making 
tbe  work  to  square  in  the  rear  with  tho  regular  a^'CtionEng, 

The  numbering  of  all  anomalous  lots  will  commeneo  with  No.  37, 
to  avoid  the  poe3!l>ility  of  conflict  with  the  nnmbering  oi  tlie  regulai* 
Bections." 

The  act  of  Sept.  27, 180O,  authorieed  the  Department,  should 
it  deem  expedient,  to  cause  the  Oregon  surveys  to  be  executed 
according  to  tho  principles  of  what  is  called  the  "Geodetic  Method." 

The  eompleto  adojUion  of  this  has  not  been  thought  to  be 
expedient ;  but  it  was  deemed  useful  to  institute  on  the  principal 
base  and  meridian  lines  of  tho  public  euryeys  in  Oregon,  ordered 
to  be  established  by  thti  act  referred  to,  a  system  of  triangulatiuna 
from  the  recognized  legal  stations,  to  all  prominent  objects  within 
the  range  of  the  thoodolite  ;  by  means  of  which  tho  relative  dis- 
tances of  such  objects,  in  resi>ect  to  those  main  lines,  and  also  to 
each  other,  might  be  observed,  calculated,  and  protricted,  witli 
the  view  of  contributing  to  the  knonledgo  of  the  topography  of  the 
country  In  advance  of  the  progressing  linear  surveys,  and  to  obtain 
tho  elements  for  estimating  areas  of  valleys  IntcrY-eniug  between 
the  spurs  of  tho  mountains," 

"  Meandering"  Is  a  name  given  to  the  usual  mode  of  surveying 
with  tlio  compass,  particularly  as  applied,  to  navigable  streams. 
The  "  lustructioas  "  for  this  aro,  in  part,  as  follows, 

"  Both  banks  of  naviijaMe  rivers  are  to  be  meandered  by  taking 
the  courses  and  distances  of  their  :Etnuogiciefi,  and  the  same  are  to 
be  entered  in  the  ^Meander  field-book.'  At  those  points  where 
either  the  towrsHiip  or  section  lines  interseet  the  banlw  of  a  nav^ 
gable  stream,  I'osxa.  or,  where  necessary,  woukds  of  earth  or  stune, 
(as  noted  in  Art.  (^568,))  are  to  be  eatablished  at  the  time  of 
running  these  lines.  These  are  called  "  meander  comers  and 
in  meandering  you  are  to  commeneo  at  one  of  thoao  comers  on  the 
jownsbip  liae,  coursing  the  banks,  and  measuring  the  distance  of 
aacli  course  from  jour  commencing  comer  to  the  next  ^  meandei 
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comer,'  upon  the  same  or  another  boundary  of  the  same  township; 
carefully  noting  jour  mtersection  with  all  intermediate  meander 
comers.  3y  the  same  method  you  aro  ta  meander  the  (hppodt^ 
hank  of  tlic  same  river. 

Tlie  crossing  distance  betu'em  tlie  weajtcer  corners,  <m  Eamo 
line,  is  to  be  ascertained  hy  triangiilation,  in  order  that  the  river 
may  bo  protracted  with  entire  Eweuracy.  The  particalara  to  bo 
given  in  the  field-notes. 

The  couraea  a.nd  digtancea  on  meandered  navigable  strcama, 
govern  the  calculations  wherefrom  are  ascertained  the  triio  area« 
of  the  tracts  of  land  (sections,  q^uarter  sections,  Ac.)  Icbowq  to  Uio 
law  as  frnctiimal,  and  bounding  on  such  streams." 

You  are  also  to  meander,  in  manner  aforesaid,  all  lakes  and 
deep  ponds  of  the  area  of  tweuty-flve  acrea  and  upwards;  also 
navigable  bayous. 

The  precise  relative  position  of  islands,  in  a  township  mnd'e 
fractional  by  the  river  in  which  the  same  are  situated,  is  to  be 
determined  ti'i,L;onomctricall7.  Sighting  to  a  flag  or  other  fixed 
object  on  the  island,  tVom  a  special  and  carefully  meftsnred  base 
line,  connected  with  the  Burveyed  lines,  oa  or  near  the  river  bank, 
you  are  to  form  connexion  between  the  meander  comers  on  the 
river  to  points  corresponding  thereto,  in  direct  line,  on  the  bank 
of  the  island,  and  there  establish  the  proper  meauder  corners,  and 
calculate  the  distance  acrosa." 

(565)  itlarking  Lin^s.  "All  lines  on  "whteh  are  to  be  estab- 
lished t!ie  lej^al  comer  houndarien,  arc  to  be  marked  after  tJiis 
method,  viz :  Those  trees  which  laay  intercept  your  line,  must 
have  two  cliopa  or  notchea  cut  on  each  side  of  them  without  apv 
Other  marks  whatever.  These  are  called '  ei(fkt  treet'  er '  line  tree*.' 

A  sufficient  number  of  other  trees  standing  nearest  to  your  line, 
on  either  side  of  it,  are  to  be  biased  on  two  sides,  diag'>uallv  or 
quartering  towards  the  hne,  in  order  to  render  the  line  coaspicu- 
0U3,  and  readily  to  be  traced,  the  blazes  to  be  opposite  each  other, 
coinciding  in  direction  with  the  line  where  the  trees  stand  very 
near  it,  and  to  approach  nearer  each  other,  the  further  the  line 

Casaes  from  the  blazed  trees.  Due  care  must  ever  be  taken  to 
avo  the  Hues  so  well  marked  aa  to  be  readily  followed." 

(566)  Marking  f  orocrs.  "  After  a  true  coursing,  and  moat 
exact  mea.'sureDienta,  the  comer  boundary  is  the  consimimation  of 
the  work,  for  whioli  all  the  previous  pains  and  expenditure  have 
been  incarred.  A  boundary  comer,  in  a  timbered  country,  is  to 
be  a  tree,  if  one  he  found  at  the  precise  spot ;  and  if  not,  a  post  is 
to  be  plaatcd  thereat^  and  the  position  of  the  corner  post  is  to  be 
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indicateil  by  trees  ndjacent,  (called  Beai'm^  trees)  tlie  angular 
bearings  aii  J  distance*  of  n-liich  from  the  corner  arc  facta  to  be 
ascertained  aud  rei^istered  in  your  field  book. 

In  a.  region  nhcre  stone  aWuada,  t5ie  comer  toundarj  ivill  be  a 
email  monument  of  stonea  along  aide  of  a  stiigEe  marked  stone,  for 
a  tonitisliip  comer — and  a  s'in<jU  stone  fur  all  otlier  cornera. 

In  a  region  nhere  timber  is  not  near,  nor  stone,  the  corner  will 
be  a  mO'Und  of  earth,  of  prescriled  size,  varying  to  suit  the  case. 

Comers  are  to  be  fixed,  for  town&hip  boundaries  at  inten-als  of 
everj  six  miles  ;  for  aectioa  bouuilariea  at  intervals  of  everj  mile, 
or  80  chains ;  and,  foe  quarter  eeclion  boundaries  at  intervals  of 
every  half  mile,  or  40  chains. 

JIeasdeb  CoRSEit  l^osTs  are  to  be  planted  at  all  those  pointa 
where  the  township  or  section  lines  interaect  the  bantg  of  Buob 
rivers,  hikes,  or  islands,  as  are  by  law  directed  to  be  meandered," 
aB  explained  in  Art.  (56l)« 

When  posts  are  used,  tbcir  Icngtn  and  size  must  he  propoi^ 
tioneil  to  the  importance  of  the  corner,  whether  township,  section, 
or  quarter-section,  the  first  being  at  least  24  inches  above  ground, 
and  3  inches  square. 

"WTiere  a  township  post  is  a  corner  common  to  four  townsLipa, 

N 

it  ia  to  be  eet  in  the  earth  dtagcnaliijt  tlius:  w^-rB,  and  the  cardi- 

s 

nal  taints  of  the  c^jmpasd  are  to  be  indicated  tliereou  by  a  crass 
line,  or  wedge,  (one-eighth  of  an  inch  deep  at  least),  cut  or  sawed 
out  of  its  top,  a&  in  the  fiiguro.  On  each  surface  of  the  post  is  to 
be  marked  the  number  of  the  particular  toivnship,  and  its  range, 
which  it fiicti.  Thoa,  if  the  post  be^  a  comiaoii  b-oundary  to  fi>iir 
toivnsJiips,  say  one  and  two,  south  of  the  ha^e  line,  '.'f  range  one^ 
west  of  the  meridian  ;  also  to  townships  one  and  south  of  the 
base  line,  of  range  two,  west  of  the  meridian,  it  is  to  be  marked  thus: 

The  position  of  the  post  which 
From  N.  to  E-  ^  T.    1  S.   J  is  here  taken  as  an  emniiila.  is 

shewn  in  the  followiiig  diagram. 


from  H",  to  W. 


from  E.  to  S. 


from  W.  to  S. 


R.  2  W. 
T.  1  S. 


R.  2  W." 
T.  2  S. 


It.  1 
T.  1 


s. 


31! 


R.  1  W. 

y.  2S. 
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Xlicse  mnrka  are  to  "be  distinctly  and  neatly  chiscUfd  into  the 
wood,  at  least  the  eighth  of  an  mcli  deep  ;  and  to  bo  also  marked 
with  skaUe.  Tha  nmnher  of  the  sections  »rhicli:  they  i'esp?e- 
tiv&l;/HCf,  ivill  aho  he  marked  on  the  toHnsliip  post. 

Section  or  mile  posts,  being  eornera  of  scctioua,  when  thcj  are 
comaion  to /bi(r  acctiona,  are  to  he  ast  diagonal/i/  in  the  earth, 
(in  the  manner  provided  for  township  comer  posts),  and  with  a 
Bimilaj  cros3  cut  in  the  top,  to  iadicate  tho  cardinaJ  points  of  tho 
compass;  and  on  each  eldc  of  the  squared  eurfaces  is  to  be  marked 
the  appropriate  Jiuntber  of  the  particular  one  of  theybwr  eections, 
respectively,  which  sucli  side/aees;  also  on  one  side  thereof  are  to 
bo  marked  the  Dumlicrs  of  its  towmkip  and  rangs;  and  to  make 
such  marks  yet  mors  conspicuous,  (m  manner  aforesaid),  a  htreak 
of  red  chalk  is  to  be  applied. 

In  tho  case  of  an  isolated  township,  subdivided  into  tliLrty-eix 
sections,  tliere  are  twenty-fii'e  interior  sections,  the  south-west  cor- 
ner boundary  of  each  of  which  will  he  common  to  font  sections. 
On  all  the  extreme  sidea  of  an  isolated  townahip,  tho  outer  tiers  of 
Bectiona  hare  comers  common  only  to  two  sections  then  surveyed. 
Tho  posts,  however,  must  he  planted  prcciaely  like  the  furmer,  but 
presenting  two  vacant  aurfacca  to  receive  the  appropriate  marks 
when  the  adjacent  survey  may  he  made. 

A  quarter-section  or  half-mile  post  is  to  have  no  other  mark  on 
it  than  \  S.,  to  indicate  what  it  stands  for. 

Township  corner  posts  are  to  he  notched  witii  »ix  notches  on 
each  of  the  four  angles  of  tho  squared  part  aet  to  the  cardinal 
points. 

All  mile  posts  on  tomisJiip  lima  must  liava  as  many  notches  on 
them.,  on  two  opposite  amjles  thereof,  as  they  are  miles  dista-ut 
from  tho  township  comers,  respectively.  Each  of  the  posts  at  the 
comora  of  stctions  in  the  interior  of  a  township  must  indicate,  by 
a  number  uf  notches  on  each  of  its  four  corners  directed  to  the 
cardinal  points,  the  corresponding  number  of  miles  that  it  stands 
from  the  outlines  of  the  township.  "TIiq  four  sides  of  the  post  -will 
indiflate  the  number  of  tho  section  they  rcapectively/atfc.  Should 
a  tree  he  found  at  the  place  of  any  comer,  It  will  be  marked  and 
notched,  as  aforesaid,  and  aiiawer  for  the  comer  in  Ucu  of  a  post; 
tliQ  kind  of  tree  and  its  diameter  being  given  in  the  field-notes. 

Tho  poaition  of  all  comer  posts,  or  corner  trees  of  whatever 
ilescriptiorit  which  may  be  established,  is  to  be  perpetuated  in  tho 
following  manner,  viz:  From  such  post  or  tree  tlie  courses  shall  lie 
taken,  and  the  distances  mcaanred,  to  two  or  more  adjacent  trees, 
m  opposite  directions,  aa  nearly  as  may  bo,  which  are  ealled 
^Bearittff  trees,'  and  are  to  be  blaaed  near  tho  ground,  with  a  lar^o 
blaze  facing  tho  post,  and  having  one  notch  in  it^  neatly  and  plainly 
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mailo  witli  nn  ase,  squape  across,  and  a  little  below  the  middle  of 
the  blaze.  The  kind  bf  trco  and  the  diameter  of  each  are  facts  tc 
be  dbtinetly  set  forth  in  tlio  fioM-book. 

On  each  bearing  trea  the  lottera  T.,  mnst  be  iliatinctly  cut 
into  the  wood,  in  the  blaze,  a  little  above  tlie  notch,  or  on  tlie  bark, 
with  the  number  of  the  range,  township,  and  section. 

At  all  township  comers,  and  nt  all  aeclion  comers,  on  range  or 
township  Unc3,/di/r  bearing;  trcca  aro  to  be  marked  La  this  manner, 
one  in  each  of  the  adjoining  gcctiona. 

At  interior  Bcetion  comers /yw)*  trtos,  one  to  stand  within  each 
of  tlie  four  sections  to  which  such  comer  13  conunon,  are  to  be 
marked  in  manner  aforesaid,  if  such  be  found. 

From  quarter  section  and  meander  comers  two  bearing  treea 
arO'  to  be  marked,  one  within  pach  of  the  adjoining  sections. 

Stonca  at  township  comers  (a  small  moaument  of  siones  bt^ing 
alongside  ttiercof)  must  have  $rx  notches  cut  ivith  a  pick  or  chisel 
On  eaeh  edge  or  side  towards  the  cardinal  points  ;  and  where  used 
as  section  comers  on  the  range  and  township  lines,  or  as  section 
coniera  in  the  iaterior  of  a  township,  thoy  ft-ill  also  be  notched  by 
a  pick  or  chisel,  to  correspond  with  the  directiona  given  for  notch- 
ing posts  similarly  situated. 

Stones,  when  used  as  {^uarter-scction  comers,  will  have  J  cut 
on  them ;  on  the  west  side  on  north  and  south  lines,  and  oa  the 
north  side  on  cast  and  neat  lines. 

Whenever  bearing  trecg  are  not  found,  M0UND3  of  earth,  or 
Btone,  are  to  be  raised  around  posts  on  wliich  tlie  corners  are  to 
be  marked  in  tlie  manner  aforesnid.  "Wherever  a  mound  of  earth 
is  adopted,  the  sfime  will  present  a  conical  shape  ;  but  at  its  base, 
on  the  earth's  eurface.  a  qmidi'augiilfir  tivnah  m\l  be  dug ;  a  «i'a(ie 
dwp  of  earth  being  thrown  up  fruta  the  four  sides  of  the  line,  out- 
tiih  tlie  trench,  so  as  to  form  a  corttiniiouM  elevation  alomj  its  outer 
tJj/e.  la  mounds  of  earth,  common  tofviir  tomisliips  or  U>/uur 
BBctions,  they  will  pi-eseat  the  an^jiea  of  the  qiiaflrangiilar  ti'Oneli 
(^iliti^nalltf)  towarda  the  cardinal  points.  In  mounds  'Common 
only  ti>  tipo  toimships  or  two  sections,  the  sides  of  the  quadrangular 
trench  viUface  the  cardinal  points. 

Prior  to  piling  up  the  earth  to  conatruct  a  mound,  in  a  caviti/ 
formed  st  the  corner  boundary  point  is  to  he  deposited  a  st(>ne,  or 
a  portion  of  cluirixal,  or  a  charred  stake  b  to  he  driven  twelve 
inches  down  into  such  centre  point,  to  be  a  witncst  for  the  fiTture. 

The  surveyor  is  farther  specially  enjoined  to  plant  midway 
between  each  pit  and  the  trench,  seeds  of  some  tree,  those  of  fruit 
trees  adapted  to  the  climate  being  always  to  ha  preferred. 

Double  consERS  are  to  bo  found  nowhere  except  on  the  Standard 
Parallels  or  Corrcctiou  lines,  iThcrewu  ai-e  to  appear  both. the  uor 
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nera  wliicli  mirk  tlic  intersections  of  die  lliica  whicW  close  tbeieon. 
and  those  from  wliicli  the  surveys  start  iti  the  opposito  direction. 

The  corners  which  are  eatulilislied  on  tlie  stiiniiard  parallel,  at 
the  time  of  niniiin;;;  it,  nre  to  bo  known  as  Standard  Cor/iert,' 
and,  in  addition  to  all  tlie  ordinary  marks,  (as  herein  prescribed), 
tliey  will  lia  marked  iviiL  the  letters  S-  C.  The  ^cloning  mmirt* 
wUl  be  marked  C.  C." 

Ci567)  Fielfl  BftnkSi  There  sltoulii  be  several  distinct  aaJ  eepa- 
rate  field-books  ;  viz. : 

"  1.  FieU-uotes  of  the  wEhidiaS  and  hape  lines,  slioiviii^  the 
establiahmCDt  of  the  township,  section  or  mile,  and  qiiarti'r-secCiaa 
or  half-mde,  bouiidiiry  earaera  tiicreou ;  ivith  the  crti.*3in^3  uf 
strenras,  ravines,  hills,  and  mountaias;  charaeter  of  soU,  ttuibtT, 
minerals,  &c.  These  notes  ivill  ho  arranged,  in  serie?,  bj  niiie 
stiiiims,  from  nmnber  arm  to  number  . 

2.  Field-notes  of  the  '  ptandarb  tarallels,  or  corrcotioQ 
lines,'  showing  the  establishment  of  the  township,  seetioi],  and 
([uarter-sectiou  corners,,  besides  cxliibitiag  the  topoj^rapliy  of  the 
country  on  line,  as  rerjuired  on  the  base  and  meridian  lines. 

3.  Ficld-notcs  of  the  exterior  lines  ofTOWNMUil'S,  showing  die 
ostablishment  of  the  cornt;i-3onhne,and  the  tupograph  v,  as  aforesaid. 

4.  Field  notes  of  the  sub&ivisio-ns  of  TOWNsmpa  into  sections 
and  quarter-sections ;  at  tlio  close  whereof  will  follow  the  notes  of 
the  MEAN'DERS  of  navigablc  streams.,  Theao  notisa  will  also  show, 
by  ocitlar  observation,  the  estimated  rise  and  full  of  iho  land  on 
the  line.  A  de3eri[jtion  of  the  timber,  undergrowth,  surface,  soil, 
and  minerals,  upon  caeh  section  line,  is  to  fulluiv  the  notes  thereof, 
and  not  to  be  mixed  up  with  them.'" 

5.  The  "Geodetic  Field-book,"  comprising  all  triangulationa, 
an^^lea  of  elevation  and  depression,  levelling,  ftc. 

The  oxamples  on  the  next  cwo  pagea,  taken  from  tho  "  IiiBtnic- 
tiong"  whieh  wb  have  followed  thi-oughout,  ivill  ehew  what  ij 
rei)iiireil. 

Tiie  ascents  and  descents  are  recorded  in  the  ri^ht-hand  coliiraiia. 
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FIELD  NOTES  OF 

THE  EXTERIOR  LINES 

Of  AN  ISOLATED  TOWNSHIP. 


r\rld  Kvhi  nj  Hit  Survey  aj  linrRikip  Ej  north,  pf  rangr  3  mH.  oj  Ute  lViJlti»tttl4 
meridian,  in  flit  TVrrifury  of  DiuiioK,  Robert  Acm,  dtpuly  rnneyar,  ntider  Im 
amlnut  So.  I,  btatuig  d-ilt  thr^J  day  of  Jaimary,  18.ll. 


62.S0 
80.00 


40.00 


es.on 

BO  00 


Wcf. 


80,1)0 


TowicjHlP  LINE)  cocinncLicpil  Jimunri,' 20,  ]8j1. 
Soiiihero  boundary  vm-iaiiou  i8"  Jl*  E. 
Uu  a  random  Itne  au        Buulb  liuiiiiitnrics  a!  seclioiiB  31,  33. 

3!l,  3-1,  3j,  mil]  3I>.    S^;!  t<-lli|«H'<ii';  mile  anil  linir.Qiile  p<i»l.<. 

aliJ  EitlciirdeJ  llie  enslcrrn  Loui.idnry  S  cliuioa  'SU  liiika  liurlJ> 

i>[  tlie  ITiie  TOriief  5  □lil-n  74  cliaiiif  53  11  ilka. 
TIJETeForo  tiis  lomi'lion  will  bo  b  tliuiiis  V  I'uiks  W.  37.1 

liiiliB  S,  \-ct  iniiv,   


Tituc  lUDTHcnn  Bousnin.r  vnnaiiuD  1S°  4L'  £, 

Set  QV.  SVC.  post  from  wliii-li 

a  Leech  ti  la.  dia.  Lciii-i  N.  II  E.  38  di«L 

s   (la      9     do        ifo    6.   9  E.  17  Jo 

a  fanruk  3  1,  \iiile,  coirnc  HW  

Scl  jicwl  c..r.  (ir*e(.-s.  33  A  3<!,  I         fn-rn  ivliiili,,,  

n.  bL't'cli     !l  in,  iJiD.  bean  8.  4(1  B.     8  1.  ilitl. 

a    ilii       S    do        iln    S.       Vf.    7  iln 

a  W.  oak  10    ilo        tlo    N.  IS  W.  H  do 

a  U,  (ink  14    do        du   N,  2£)  E.    tS  Jtr 
Land  iirvct,  [larl  Wet  aiiJ  ("-"uuiiiy  i  liuiljcr  fi-cecli,  (ink,  oali. 

l.iikcii'v,  ate. 
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□i]  '.lio  S,  bouiiJary  (if  ace.  35 — 
Stl  r]T.  soc  pint,  Willi  irench,  from  ■niliifh 
a  lifpch  C  in.  did.  tjeon  N.  80  B.  8  L  Jisi, 
pUiileil  6W.  u  j-«lliiv¥  locuat  teed. 
To  in'smiiiii?  i>f  lull   


Sm  |>oitl,«-itli  iffii.d.,  Ciiir.  nrsws.  y.l  .t  3.1.  S  &  3,  rroiu  wliitl 
a  hvecti  III  ill.  dia.  hi-ur*  S,  .'it  E.  13  1.  iJiii. 

Jo      Itl    ilii        du    N.  M  W.  'J  do 
plauCcd  6W.  D  vt'liitr  niik  ncutii, 
NE.  a  Ih-ffIi  iiiic, 
LaiJil  l<>vr),  Hi-Il,  ntid  jriMi.l  f-ir  fFirniiiri;;  liiil'iT  snrnp. 


o  1(1 


a  SO 


Uil  ijie  8.  Imillldary      eec.  34 — 
3i'[  c]r.  itc.  p(M<,  witli  irfiicli,  from  whicii 

a  a.  oak  in  ill.  diu.  beurs  N.  2  B.  4335  I.  iliit. 

I'IiaiiI'tJ  SW.  a  befell  rtiit. 
To  i-Htiitr  of  srctinnia  33,  34,  3  nnj  4,  dfv^  cliorreJ  «take; 

niiml  tnmiTid  with  ircnrh  ai  ppr  iimmiclinnji,  aDil 

Piaiiti'd  KE.  a  W.  oak  nc'n  ;  KV/.  a        locust  looi 
SE,  B  buMcruoi ;  RW.  a  bftcli  nut 
Laoil  IcTfl,  ritli  aud  gooil  fur  farming,  •ome  icaitcTittg  aal 

AikI  Wnlnitt. 


A  5 


a  19 


FIELD  NOTES  OF  THE 

EUBDmSIONAL  OR  SECTIONAL  LINES, 

ASD  MEiijrPEBS, 


Toieiultip25  N„  RangeZ  tV.-,  Wi/lanutie  iirr. 


Kortli. 
!!).19 


51.90 
7fi.r3 


w.m 

5.VM 

7a.in> 
so.oo 


ScBDiTisioHa.  Comnienced  FcOniifiTy  I,  1851. 
Bi-tw'een  *eft.  35  euJ  3G — 

A.  hcfcti  30  in.  din  

A.  Li^ecli  90  in.  din.. 


Set  C|r.  met:.  pciBt,  ^cvm  tvliitli 

do   N.  E3  \V.  4 


II  nr. 

a  ttech  15  ill,  JIq.  Wars  S.  48  B.  15  1.  t\is\. 


A  hecch  13  in.  Am. 

\  sugar  30  in.  dia.  

3cl  n  pri^t  cor,  «f  i^cs,  S;3,  S(i,  35,  3(t,  frnm  wIjel'Ii 

n  bopcli  54  in.  Jin.  Lenii  N,  fiS  W.  17  J.  Jiat. 

a  f  ol>lDr  3>G    Aa        do    fi.  61!  E.  31  do. 

a    lio     SO    do        do    5. 70  VV.  MS  tU,. 

B  ber ch  S8    do        do    N.  CO  G.  i'j  iln. 
Lniid  Ifvcl,  aecond  rate ;  limlK-r  Ijcecli,  poplnr]  lugBr,  spd 
i    iiind'fir.  ■pice,  ilfcc. 


On  I'aiidoin  licie  betw«i^ti  ii^a.  95  e^d  IIR — 

A  brook  30  I.  witi«,  course  N,   

To  fuoi  of  hill  

Set  icnk^ni'Brj  qr.  iqc.  post-  ...»»■>...  —  ....... 

To  opfKiHite  foot  of  hill. —   ,.  

A.  bhmlt  l.i  I.  wiJe,  coureo  N   ... 

[iilHriE^Ft  E.  liDundary  st  post  

I.ninl  Ifvel.  ■ccoiid  rnir;  linilwr.  Iiprcli,  onk.  nib.  &r-. 


d  10 
d  S 


d  5 
d  S 
d  3 


<I  10 
4  10 
a  60 
<  10 

«  10 


JlEASDEIia  or  ClUCKEELES  RlVER. 

De^iTHjiti:;  al  a  mcHnili?r  poit  iu  tha  norllicm  truvnsltip  bminilary,  and  ihnoce 
llie  It-fi  bunk  liowii  Mrfiiin.     Contncnrol  Fciiranry  11,  IS.jl. 


8. 76  \y 
s.  ai  w 
a.  SI  w 

B.  54  W 
8-  40  W. 

s.  :><i  \v 

S.  37  w 

B.  41  W. 

8.  3G  W. 


Clii.  II<J 


1S.46 
11)110 
8.E8 

in.GD 
3.S!) 
8.4S 

iG.r>n 

57  53 


Iri  gpclian  4  liPHriiig  lo  cnrn^r  icc.  4  on  ngbt  bank  N.  7Q°  W 
llfuring  lo  ciir.  sei'..  4  and  5.  rif^lil  bniik  N.  52*  W, 
T"  I'yfC  ill  liijf  Wlwccii  f.'clii"ra  i  q'l-il  5,  hrettJtli  of  river  by 
Irinn^iilnliaii cliniiis  S!  links. 


Ill  tectiun  5. 


To  upper  conier  of  John  Sni 'tU'if^tniDi,  cDurseB. 

Tn  fiost  in  lino  beEwni«n  fnptinns  S  nnd  8,  bresiltb  itl  riter  by 

triimt'iilnlinr  8  chniin  78  lithkn. 


dbc,  Ac, 


APPENDIX 


APPENDIX  A. 

STVOPSIS  07  PLANE  TBIOONOUETBT.' 
{I)  Definition.     Ranu  Tvignaometrf  U  that  briinrh  of  Matbcmnti>n] 

ScitrQC'S  vliii^b-  tri?ats  of  tlio  ^'eto.UotiiA  bdtWdca  the  tL<lt^s         S>(iglp4  of  pla[lQ  tnou- 

glef.  It  tL-iLclies  bnw  Id  find  aaj  three  of  theeo  six  pnrtM,  vlica  tho  ether  thre« 
arc  given  and  oco  of  thfto,  at  Iciist,  ia  a  aide. 

(3)  Angles  and  Arcs<  The  on^fe*  of  a  triangle  ws  roeMured  bj  tits 
arfi  (l('9L-[ibeJ,  with  any  rudiui,  from  Ifaa  aiigulir  |M)in(a  as  centree,  and  intercepted 
between  tho  legi  of  Iho  auglei  Those  arL's  are  meosnred  by  comparing  thtiu  with 
no.  eulire  drcumferehOe,  dtsprSbod  wi'lh  lliO  tiitHe  l-iJiui  Every  oircuiufereiice^  in 
regarded  aa  b«jng  OiviJed  IpIo  3&D  ^quol  pnrt?,  calle-d  de^rtti.  Each  degree  is  di- 
rjiled  into  60  oquial  pnrl^^,  oilled  mi'ntitr^,  and  each  tnfnuto  into  GO  teeonds.  Tlicse 
divitioiu  are  indicaied  by  tlie  marks  '  "  ".  Tho*  28  degreei,  IT  minutes,  nni]  49 
Mcaadii,  are  written  SS"  17'  40 ".  Fraeiions  of  a  ucond  are  beat  expreu^  d^ci- 
BBlly,  An  arc,  iududing  a  qutirtor  of  a  einfumfercneB  nnd  meoauring  a  right 
ung'le,  is  therefore  A  e«inicirL-unift:roDce  compruiia  ISO",    It  is  ofleD  ffpre- 

Mntedljy  r.  icliicta  equals  3.HIG9.  Ac,  or  ii}  approiicnately,  the  radius  being  tndty. 

Th&  length  of  I*  in  p»ts  of  radius  =  0,017 4S329i  thnC«f  1'=  0.0002(1080;  and 
liutflf  l  "=D.nOU004h6. 

Tike  l«'n£;lb  of  tlie  radiui  of  a  circle  in  li^grt^ia,  «r  HaO':l>$  of  Uao  Gircuufcrctica 
=  ST^iSSU  =  57"  IT  2.1  ".3  =  3137'.747  =  20fl.2ai".S.+ 

An  ore  ni»y  be  reg-ardcd  n»  genernted  by  □  pioiiit.  M, 
nioviiig  from  an  origin.  A,  around  o  circle,  in  the  direction 
of  the  arrow.    Thu  point  aiar  Ibu*  des^riba  area  e(  any 
lerglha,  sue!,  a*  AM ;  AU  =  m"  =  ^  . [  ABC  =  1SI>°  = 
ADCD  =  270°  =  5  r ;  ADCI>A  =  300' ^2 

Tiie  potut  may  gliiU  vontimie  its  Diotiun.  and  geaemto 
srcs  gresttr  tlinn  a  circumfi^reni's.  or  than  two  oircam* 
fereopea,  or  than  three;  or  even  infinite  in  len^h. 

^Vliilc  the  poial,  31,  di'Scfibca  tlic^a  arcs,  the  raJius, 

OAl,  iadefioilcly  produced,  gt:norate»  correaponding  angle*. 


»  For  Dwnir  •olrlngtHwglns,  anlir  Articles  OX  (5).((n.  (1").  (11%  snJ  (19\  sn  nttdrf. 

r  Tie  riiiQ-l!(r  «rs(«wifa  Id  "ny  S'O  which  l>  gWea  In  ptrlt  of  mdluE,  t»4ltn  b*lng  nnltj.  cquilt 

imtwr  of  seeanli  in  raJlai. 


If  the  point,  M,  elifald  move  from  the  origin,  A,  in  llie  wntriry  direeiion  to  iU 
fomier  movcrai.-nt,  the  ar-ca  genernteil  by  it  nre  rcgjirJijJ  aa  ji^jath't,  or  rninin  ; 
aatl  BO  too,  q(  uccamity,  tLe  nnj^lea  int^iuurcJ  hj  the  ore?, 

Arcs  act!  Diigle«  may  thertfore  Tury  in  length  from  0  to  +  ac  in  one  direction, 
aaJ  from  0  to  —  d  in  tba  contrary  direclioji. 

TIjg  Compltmtnt  of  on  arc  ia  tbc  ore  wliicL  xrould  reR]i,iiJ  nfC^r  lubtraeting  ChA 
jiro  from  a  quB-rUr  flf  tlie  circuipf-.Teno*,  cr  fr^ra  90-°,  If  thatir?  mgre  tlmn  90", 
\U  corD])1ciiient  ia  ueceaaaril];'  negallvc. 

Thii  Smpplanntt  aif  aa  arc  ia  wliitt  wuulj  rcmam  tifltr  sublruoting  It  rrom  kali 
tlie  <?ireuiurur«iice.  or  frum  ISO",  if  llie  arc  ba  wore  tb;iQ  180^.  its  auppilemeat 
ia  lueesiiu'ilj'  u-egutive. 

(3)  TriEononivIrical  Lines.    TIig  reliktiuns  ot  tbu  siJ^s  ora  iriangia 

to  it8  (Uifjlca  aro  wbm  ia  rti^uiriiJ  ;  but  it  ia  lUftro  convenient  ta  replnce  the  tkojlM 
by  area  ;  AUii,  once  Dii^rc,  lo  replace  the  kki  \>y  certain  t-lraight  llaca  depeadioif 
upon  ihenij  BCiJ  iucrcasing  bdiI  dei^rcofing  wilJi  llietn,  ox  conversely,  in  ?uch  ■  vnj 
lljut  the  lecgtli  of  tJie  Itnea  can  be  fnunJ  from  tlio-t  of  tlie  arcs,  Jinii  rice  versa.  It 
k  witli  tlicso  lines  tliat  tlio  aiJ^s  of  a  triangle  ova  coinpiLred*  Tlii^ec  lines  art 
sailed  Trigcnainelrieal  Linti ;  or  Cireuiar  i'ttnciirmt,  boenu^e  t1i«ir  Iviigth  it  ii  fiiaft- 
tlon  of  tliut  cf  till!  ijircular  "ret  Tbij  principiil  TrigoHppielrical  l)»e»  lus  iSimi^ 
t'aiigciUf,  aaJ  Stcttntt.    CliorJa  nnd  veraed  eiiiva  are  &lsu  used. 

Tho  of  im  ari^  AM,  ia  tba  |>crpeiiidi<!iilar, 

MP,  let  from  nan  extreiiiitj  of  the  an;,  upon 
the  Uiftnieter  which  pnatt^j  tbroiigl)  tbe  other  ex- 
Lretni  [y, 

Tlio  TANGEST  of  nn  (irc.  AM.  is  tlie  dibtance,. 
AT,  intercepted,  on  tlii>  tan^i^nt  drnwn  at  one 
ostr^mily  of  the  nrc,  between  that  enlramity 
naJ  Ibu  jitalocigutlub  of  the  r&diusvhlcEi  po^sea 
lltrougk  tbe  other  cxtrciuity. 

Wia  3ECAST  of  nn  ore,  AM,  ia  tlie  pnrt.  OT, 
of  the  prolcjngtfil  radius,  comprtsad  betweeo  tba      "  E 
centre  and  the  tangunt. 

Tbo  fins,  tJLDgii^tif,  and  iccant  of  the  complefnent  of  nn  arc  arc  cnllcd  the  Ca- 

BRi^  Co-TAfi-OK.VT,  *qd  Co-SWANT  pf  thftt  urC.     TliUB,  SIQ  is  lllfl  CP&'lia  of  AM,  IK 

ita  cutungi-nt,  and  OS  its  co^^cant.    Thf  C'Deinc  31(1  ■''<  ci]uul  to  OP,  the  part  of  tlie 

raiJiua  cuiuprisL'd  bc-ttEccn  the  ceutre  and  tlie  foot  of  tlie  ^ine. 
Tba  ehorit  of  an  arc  is  eijud  to  twice  tlie  aitie  of  half  that  nnv 
Tim  verud-iiM  at  an  ai-c.  Ail,  \a  thu  distance,  AP,  «>imj>ri^d  between,  the  origin 

of  ibe  ore  uiiJ  tba  foot  o(  ihv  eiu-Cn    U  \i  concequcatlf  ttjui,!  Ut  the  diff|ir(m«c  b9> 

tveca  the  radius  and  the  nat, 
Thci  Trigoaoiuttrical  llnea  jiriii  u&umlly  iVTiltGii  lu  an  abbreviated  form.  Coiling 

ibe  Bpc  AM  =  a,  we  wrile, 

Ml*  =  sin.  0.  AT=  tan.  a.  OT  =  aee,  a. 

M<i  =  co».a,         BS  =  cut  II.         OS  =  coscc  m. 

The  period  after  itiu.,  tan.,  &a.,  iailioitinf;  nbhruv cation.  \t  fTC(|ucnl3y  omitted, 
llie  atS9  wboKe  nines,  tangents,        uru  GEjiint  to  a  line  =a,  ure  wrlttitn, 

ein.    '  a,  or  sac  {ein.  =  a) ; 

tdo.    'o,  or  arc  (tnii,=ii);  itc. 


U 


\ 

•  Far  tba  tftttx  nlue  of  tlili  ImlLroot  moda  of  cuinimtiiiE  IbscJlea  ind  uiglM  oT  liluiglas 
OomlK'n  ■  I'blluwi'ji;  of  MiUichuUds,''  (IlKrpara'i  lil],)  pa£v 
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(1)  The  linn  ii«  rnlloi.  Tl.e  taiioa 
btlwepn  tlm  Irigoiicmctrical  line.'  miil  Ibi  riiiius 
Rrc  tbs  eame  for  tliti  ^amc  niiglea,  or  ounilKt  of 
in  an  arc.  whatever  the  tcnglti  of  '.lie  m- 
iSlub  or  arc  Cuiucque^DiIy,  railiD^  bc-lng  unity, 
th^se  lines  may  b«  cspruised  as  iinigde  ratios. 
TLu^  Iq  the  rjglit-Bn|[led  trinogla  ABC,  -we 
weulJ  liaTe 


sio.  A  — 


tna.A 


AB      liyi'otliemise ' 

 Be       opposite  »itle 

AO     adjueut  Mde' 

 AB   hypotliBnoec 

~~AG~  kdjacem  side 


cMl  a 


A  C 

 AO  AdjaeefttBide 

AU      bjipothoiiuite ' 


cot.  A=— , 


AG  _  iidjiip«nC  side 


COMt  A  =  — 


AB   li^'potlienaH) 

J)0      (ijiposiie  Eidit' 


When  tixe  rnilius  of  the  arcs  which  meaanre  llie  anglici  ii  unity,  Qmse  ratios  mnv 
be  lued  (tir  the  Unes.  If  th'e  radiug  be  any  other  len^h,  the  re«uUs  wiiich  hnva 
beuB  oljloined  by  the  above  supponition,  must  be  modified  by  dividing  each  uf  lt)# 
Ltigonomutj-ii^al  lines  in  tho  r-e^uU  radius,  soil  thus  rocilei'iaig  thv  L-quntioaa  o^ 
the  results  " ImmoBcoeous."  The  aunQ  efTett  woulil  be  pruJiiecd  by  imiliijilying 
euL'b  term  ia  Ibe  eiprfs^ion  by  Buch  n  power  or  mJiiis  na  would  make  it  contain  a 
numbLr  of  finrar  fjicturs  et^aal  la  the  greatest  number  in  any  term  Tiie  railiui 
ii  usTially  repr«Bent>Bd  by  r,  or  H 

(^)  ThPir  variations  In  Ivngtb.  At  th6  luint  M  movct  anmoi 
tho  circle,  ftu-J  the  arc  thus  increiue*i,  lie  sines,  taDgeol.9,  »nd  wcanti,  itBrting 
from  MID,  also  increas*;  till,  ivhro  ihe 
pmnt  M  has  arrirei)  at  B.aiid  the  arc  hu 
bewme  BO",  the  dine  lire  bteomc  pqunj  to 
rndia*,H3T  unity,  and  the  tnngcnt  and  *(f- 
canl  have  bMi>nne  infinilH;.  The  corap)*- 
mvtiliiry  line*  have  deer<i»»tJ;  the  &>- 
tine  biting  equal  to  radius  or  unity  at 
slarlifij  and  becoming  itro.  anil  the  pu- 
tangeut  anJ  cosw^a&t  paMing  from  ifiiiiit- 
ity  lu  sero,  Wbi!n  tlic  ]H>ipt  31  liaa 
passed  Cbft  firat  qiinitraut  at  D  aad  is 
prwepJing  toward«  C.  the  fines,  taa- 
g^iilj,  and  teMinla  begin  to  d««r«ase,  till, 
nben  the  pmat  bos  reached  C,  thf  j  hav? 
the  same  ralues  u  at  A.  They  then  bp;in  to  increase  again,  nod  *o  on.  Th* 
Tiible  on  pa>>«  3S2  indiciilei  Uieiie  Tarialioos. 

The  sLnL'3  uiid  taiigenti  n(  Tvry  fmall  am  cnay  be  regarded  es  acnsibly  propor- 

liounl  to  the  nre*  tWins«lrci ;  *>  that  for         a",  wu  may  Write  a ,  lin.  I''  ;  and 

timiUrly,  thi^ufcl)  less  accurately,  f^r  sin.      we  may  write  a*  aia.  1'. 

The  aiDiea  and  tangcata  of  rery  imnll  area  may  Eimilaily  be  regarded  as  teDfiihly 
of  the  same  length  n*  the  arci  ttiemselvet.'* 


*  C»nM<)iifnt];,  Ihr  antf  /-a  [lU^SIV  Buj  t*4il  that :  Tii  rnmber  «f  SMnadila  iny  Trij  hmU 
mgivvn  la  pun  tkfndjuji,  nJim  bctnt  doIIj.Ii  cqail  to  tha  Icagtta  of  tbe  are  >e  (Itm  dlTMed 

bj  Mil  I 
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]app.  a. 


a  being  tlie  length  of  anj  oi'c  «sprcs>t(l  in  paria  bf  railiiu,  tbe  len^ ihft  of  ita  dat 

uid  cosine  may  be  obtained  by  the  fuMowiiig  st'riiM : 


sin.  a  =  a  —  +  - 

a ,  S  a 

a" 

c-OA  a  =  I  — .  1 — 


a.8....7 

a*  a' 


-,  eta 


Let  it  be  required  to  GnU       80%  by  ihe  ahovo  BeriBs. 

ao"  =  -j^jj T = J  X  s.i*ie  =.B2ae. 

Snlntituting  ibis  niimbsr  far  a,  tlifl  serioi  becomes,  tokiDg-  only  Ikrefl  terms  0/  it, 

(.5238)'  f.eaSGl' 
1  —  i— ^  +  >  ^  <      ctt  =  1  -  0,1 3701 8  +  0.003130  --=  .8C6062  ; 

ivliivl)  is  the  oarpect  value  at  ooa.  S0°  Sot  tbe  fLrat  [uur  places  of  ducioiHU. 

Tbd  lengtlia  «f  tba  oilier  liaoa  can  he  oblaincJ  from  lliu  niutua]  rclatiuaiA  g;'Tm 
in  Art.  (7.)    Soino  po-rticular  values  ata  giveu  below. 

lin.  30-  =  ^.  BID.  45°=;lv'-2.         sin.  80'*  =  iv'3. 

tar.  SO' =  iV^a.  t(in.  45°^1.  tan.  60"  =  ^^3. 

Kc  30°  =  V3.         BBC  45°  =  v'a.  «ec  G0°=5. 

(6)  Tlielr  chaugcs  of  sfg'n.  I-inca  meoHired  in  contrarj  dire«tu>n« 
from  a  common  origin,  usually  receive  contrary  ulgebmic  sigat.  If  then  ■!]  the 
liuvi  io  the  fint  quitdraiit  nre  collod  po&itivc,  Ibeir  elgna  will  change  ia  tamb  ol 
tlia  otbor  )jnai!raii(.s.  TLua  the  tt'if*  IQ  tli5  liTtit  quHcirft'it  Wng-  b1]  mcmureil  up- 
wiirJ.  irlicn  ihty  ma  measuieii  ilownward,  &a  they  ^rc  in  the  tliird  and  fourth 
'lundranU,  ili«y  ivill  lie  ni'gnlive.  Tlie  cosinfi  In  tlie  first  qimdrant  ti.r« 
nrei!  from  I«ft  to  right,  and  wLeu  they  hto  meusured  from  right  lo  luft,  ■<  m  llie 
■eUdod  and  tliird  Jjuodroata,  tliGy  will  ba  ncgntire.  The  latiyeiUf  and  mtctnti  M- 
luw  Birnilar  rulesi. 

Tlie  TariutiouA  in  length  and  tlie  cliang^ee  of  sign  are  nil  iu(Ifcikt<:d  in  the  fLilTow- 
iag  tablfl,  radius  being  unity.  The  ternis  "  iiicreiwinu"  nud  "  dBcreneing"  apply  ui 
the  lengtiis  at  the  lines  ivittiout  nay  rekreaee  ta  their  li^ii. 

Lenfflha  and  Siffns  pf  tha  Trl(fomine triad  LinegfoT  Arcs  froia  0°  to  360° 


Area. 

Between     ind  W. 

900 

Sine    .    .  . 
Tnnguqt  ,  , 
ScOaUt     .  . 
Cosine    .  . 
C^^tIl^^.■ent 
Co^ei^t  .  . 

* 
0 

+  1 
+  1 

-|-,  fl,n4  incTtMini?, 
and  tnerenning, 
-j-,  Bnd  tncTcaaini;, 
4-,  and  decreoaing, 
4-,  and  dcLToasiug, 
4".  und  iberensing. 

4-1 

0 

0 
4-1 

4-,  and  dccrcasinjf, 
— ,  ntid  decrvusill^, 
— ,  and  detrtB^ing, 
— ,  nnd  increaaiuiit. 
— ,  and  increasing;, 
•f ,  and  iDoKusiii);, 

« 

u 

-1 

-I 

±« 

Am. 

1500 

QiLwsim  \Stfi>  tnA  2T>U°. 

BetnrMii  TiO"  ia<]  3HP. 

Sine  .  .  ■ 
Taugent  .  , 
Sei^nb     .  . 

Coiine .  .  . 
Cotangent  . 
CoMjcunt .  . 

0 
0 
—  1 
-1 

±00 

— ,  and  increasing, 
-}-,  and  iuoponBlng, 

— ,  and  iflereQ&ing, 
— ,  and  ilecrcositij^. 
+,  itud  decreasing, 
— ,  bed  decreofiug. 

-I 

±» 

^» 
0 
a 

-I 

— .  linii  decreasing. 
— ,  (Jid  deaiuuing^, 
+,  and  ilecrsifiinuj, 
4-.  nnd  increasing. 
— ,  nnd  incroasiog, 
— ,  luid  iacreasing, 

0 
0 

4-1 
+1 

=F» 

Am  a]  TRIGOVOnETRT.  Si-i 

From  CluE  tnbli;,  htid  Fig.  400,  no  >ee  (bat  on  are  and  iU  npplei  ifnt  iiavd  iIm 
iAtnA  aioe ;  bad  thut  th«ir  toDgenls,  smbhIb,  c&tinei,  and  eotangenit  ar&  of  eq-aa.1 
leoglh  but  of  CoDLrary  ugu)  irtiiU  ttie  coffecimU  iir«  tli«  hib«  in  both  lengtli 
•nd  sign. 

"We  alio  deduce  froin  tie  figura  Ibo  fullawing  cooBeq^uenceB : 

(in.  Ca*+  ISO")  =-Bm,  a'.  cos.  («*+  180')  =-eos.  a*. 

li(i.(<i"+18Ci°)=lBii.4i''.  cot  (tt^+iaD'jseoLo'. 

*tc         180°)  s-iee-a".      eowc.  (0°+  180°)  =— <o*m.  a". 

•.in.  (— a°)  =  — Mil.  a",        cos.  (— n°)  =  eiii«. 

0°)!=— tWlo'.  60L  [-a'js-tML  a'. 

«ec  (— a°)  =  tflc.  o",        eoMC,  (— a°)^— a". 

An  isfinilA  number  of  %m  have  the  um«  trigoaoaelrieat  liuea  ;  Tor,  u  ar>a  a, 
tlio  GBiqe  an  pLu>  a  circumfcrunce,  lliQ  asiue  am  plus  Lwo  isircnmTcreacta,  and  to 
on,  irauld  hare  ibo  came  uoe. 

"  To  bring  bock  to  tbe  firet  quadrnol''  the  trigooometriQil  lines  of  jinj  large  arc, 
[jocecil  thus :  Let  1029°  be  an  uc  th^a  iiae  vf  vhldi  is  ditiireJ.  Take  rrotn  It  M 
many  tunc*  860'  ai  [vaisiblQ.    The  remamd«r  will  be  &09°.    Then  we  shall  hftT* 

*iJi.300°=in^ !  80"  -  309  ')=iia  - 1 29°=-  am,  1 29'=-  «n,(l  80' — '  *8  *  j=s-  BhiBl" 

(T)  Tbeir  mutual  rcliktious.   lUjins  being  nnitf, 

o     Utt.  a"  .    o     COS.  o' 

tan,  a  =  3,  eot,  a  =  - 


-COS.  d  sin,  a 

1 


cue,  a 


Ian.  a"  XooL  o"  =  1.  (i3n.  a*)'  -f-  (go*,  a")'  =  1* 

1  +(Uii.  a°)»=(»c.  a°)'.       l  +  (tot  a°)«=s(«i*ec.  a"}'. 

Hence,  any  oqd  of  the  tn'goDometHHl  lined  bciog  giv«i^  the  rest  ma  be  found 
from  anme  of  these  equatioiui, 

(S)  Two  arcs>  Lot  a  aod  &  represent  Aay  two  atcm.  a  being  Uie  greater 
Tlien  the  fuUowing  formulM  apply : 

•in.  (a  +  6)  =  w'n.  a. cos.  &  +  co§.  a.aiiuX 
t  aia.  (d  —  i)  =  tin.  a .  cot  b  —  coi  a .  ain.  b. 

KM.  («+  h)  =  CM.  a  ,  «0B.  t  —  «iiL  d  .  tift. 

eo«.     —     =      a .  ooa,  6  -j-  sin.  « ,  lio,  b, 

,    ,          tan.  a  +  tan.  J 
Un.  f  a  +  H  = ;  ~  

,  tan.  o  — tan.  i 

Got.  a  .  cot.  6  +  1 

cot.  (a  -  6)  =  — — 

'        '        eoL  i  —  (ot,  o 


lb*  tbbcflllllon 'Ot  Ih*  DUDS  or  Ui*  tl-lfDoaiiKtrlcil  Ilnauidtbs  nnmtxr  cr  thi  dcgrcain  tknan; 
<kui,  Cin.'  uo,  ta.   Bat  lbs  DotaUaB  ^ciD  ^ve,  pbeea  Uji  lain  u  owJ  tj  Qso^ 

Hiimtire,  ic'boeKt.  Ac,  UidiiieCi  tba  Ont  two  omit  lbs  pareatbcHa. 
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TRIKOSOiUETRT. 


[iPP.  A. 


din,  a  ,  riru  I  — 
cci4,o.  cos,  b  = 
tin.  a .  tax  t  = 

COS.  (I -BID.  i  = 

eia.  a  -|-  ail),  t  = 
coa.  a  -)-  CDS.  i  — 
sin.  a  —  BiQ.  £  ^ 
OCR.  i  —  CM,  a  = 


J  .  COB.  (ti  —  i)  —  1  CO*. 

*.cua  (a  +    +  i  CO*. 
) .  sill.  (a4-  i')  4*  i 
J  .Bin.  (a+      —  i  aio- 

S  tia.  i  (-a  +  ft)  co^  i 
2  eta,  J  (n  +  6)  COS.  J 
2  iin.  i  (.fl  —  4)  ci».  J 
2  sin.  i  [a  —  J)  sin.  -i 
ein.  (a  -(-  6) 


+ 
(a-fi). 

[a -6). 
C«  +  6). 
[«+*)■ 


tOQ.o  "  tan.A  = 


COS-  a .  CM.  b 
sin.  (a  —  6) 


cut  Ji  +  cot  a : 
cot.  b  —  cat  a  ■ 


coi.  a .  CUB.  b 
_  Bin.  (a  +  *1 
iin.  a  ,  tin.  b' 
sin.  (a  —  b) 
■in,  a.  Bin,  6' 


(9)  Double  and  half  arcs.   LeUing  a  rcpraaeiit  aay  uc,  is  b«fai«. 

ire  have  iLe  following  fortoulaa  ; 

tin.  2  a  =  2  eia.  a .  coa.  a. 

so*  S  fl  =  («».  a)'  —  (sin.  n)'  =  S  (coe,  <i)'  -  1  =  I  —  2  (iln.  »)* 
S  tJLn.  a  -2  eat  a  2 


tim.B  d  = 


1— {lan.a)"     (sgt  c)'  —  1      cot,  a  —  Inn.  a 


Mt  2  It  —  ""-^   !  =  I  (eoL  n  —  Inn.  tt). 

2  cot  o  ' 


1  —  «w.  a 


) 


Biaiii  =  -/[4(1  —  «is  a)], 

COS.  }  a  =:  ^  [  i  (1  +  cos,  o)  ]. 

Bin,  It        I  —  cn#.  A        ,  /I 

tan-i  (1=-—  = — ;  —  ■>/  I  -  , 

I  +  ws.  a        tin.  a         '  \l  +  c«.  a, 

1  +  eon.  a       mn.  «  ,  /I  +  oo*.  a\ 

cot.  i  0  =  — L  =-  =  ■/  I-  ^1, 

Bill,  a        1  —        4  VI  —  CU9.  d/ 

(10)  Trigonometrical  Tnlilcs.    In  llie  nsnal  tsliW  of  tlie  nutunl 

TrigTJnoiqc-lTicaJ  llnps,  thq  degrees  froln  0^  45*  tt't  found  fit  tlift  top  of  the  tal'tlc, 
bdJ  llio^e  from  45°  lu  30'  at  LLa  liolti>m  ;  tlic  luttcr  being  cam  pie  men  t  a  of  tiio 
farmar.  CoDiequ«ntlj.  the  columns  wLiich  have  Sine  and  TatiijfU  at  lop  Iults 
Cotine  wid  Cofunpeni  at  bottom,  tince  the  cosine  or  cotrnijont  cf  onjr  are  is 
■aniie  tbing  m  Iho  sine  or  tang-eiit  of  iu  compkmenL  Tbe  mitLUtoa  lo  be  ajlitcd 
to  (lie  degrijc-a  are  foumJ  in  tite  Icft-hsoil  column,  when  tlic  number  of  degrees  at 
ths  top  of  iht  page  oro  used,  md  in  iha  riglit-liunit  culumii  for  the  degree*  vhta 
Bl  (bo  boltom  fit  the  pagp.  Tlie  lines  for  arcs  inletmeiliate  between  thcM  in  tlie 
tablra  ara  fuiind  by  pToportion.  Tlig  lines  oro  ciLlculnUd  for  a  radius  cijtijiI  unit)'. 
BL>np«,  the  Taluci  of  the  tines  and  cosines  are  tl'cciniral  frflctiona,  tbough  tba  point 
U  cisiinllf  omitted,  @a  tio  nr9  tbe  tangents  frorn  0"  to  sod  the  eatangantA 
from  V0°  la  ID*.    Beyond  those  points  tliey  are  integers  aud  decimals 

TJie  cnlculii lions,  bke  all  others  InTolving  large  numbers,  arc  shortened  by  Lb« 
uie  of  lugaridiaiB,  wliicb  Bubatituta  adilition  aail  sublrnction  for  m»ltipIicaUoa  and 
^tvisbn;  biiL  tbeyomng  student  should  avoid  the  frequent  error  of  regarding  logft 
rilbpi«  SIS  a  aeccwury  part  of  tri^UDinutxy. 


UP.  A.J 


TRIGOXO^ETRT. 


SOLUTION  OF  TRL\NGLES 

(II)  Bight-aiiglvtl  TrinnftlCS.  let 

Alto  be  nnj  right -niiglcil  ttiuD^le.     DeaoLe  the 
lidei  Dppo&its  Ihe  angle!  hy  tho  correspoodiiig  email 
letUra.   Then       one  udo  uid  one  acute  angle, 
a.iiy  Iwo  aiJei  being  given,  the  iptber  pnrU  ena  be 
lJUD€il  hj  om  of  tbe  foUowing  equatioDs:: 


BaqnimL 

Fonnulu. 

A,  B 

e=VCo'  +  6');  tfflu.  A  =  ^:  Mi  B=|. 

b.  A,  B 

a.  A 

&,  e.  B 

6  =  0.. COLA:  c=  .  °    ;  l!  =  90'  —  A. 

liUL  A 

i.  A 

^  e,  B 

fl  =  i.  tun.  A;  <;  =  — 3  =  90"  — A. 

C09.A 

<V  A 

a.  B 

a=e.siu.  A;  i  =  eeM,A;E  =  SO"  —  A. 

F!c.«n. 


(19}  «blJquc-atiKled  Triau- 

BlCSi  LL-t  ABC  bs  anj  obliqucsngled 
U-iiuij^te,  Ihe-  Jinglut  stid  sides  beiit^'  ctitcil 
u  ill  th^  fi^re.  TLea  attj  three  of  lis  six 
pariB  being  givun,  and  PQ«  of  tbflin  b«uig  a 
eiJc,  ihe  othcT  parla  canbv  obtitiiiied  bjr  one 
of  Iho  fullowing-  mutboJ?,  vtiiclt  ani  fuuutl- 
eJ  OB  t]ic3e  three  thoorcma. 

TiiEotEK  l.—fn  ettry  plant  Mmgfe,  tif  tinet  o/tha  ofi^rfM  «r»  lo  entk  other  at 

TiiBOttM  It — 111  ererif  planf  trianfilt,  the  tarn  c/  (tm  nia  ii  (o  Ihtir  iliffrrtnee 
ai  (A(  tangent  of  half  the  mm  cf  iki  anjj/fi  eppotitt  tliOM  nit»  ■>  lo  ike  tan^tt  of 
Ual/  lAeir  difftrtnc^ 

Tbbobkm  III— /n  tveryplnni  trianglt.tht  totim  of  any  anglt  it  i<[Wil  lo  a  frte- 
tioHirhoteiitan.eraC<yr  i*  tJu  tuM  of  the  Mqtiarei  afiXe  tidet  a^atnl  (9  llteangU,  mi- 
nui  tht  trfvart  bf  Ikt  tide  oppoiili  (g  the  anjfe,  ani  wAom  denominafuT  %»  Uitt  At 
fTQd'^t  nf  |A#  ndc<  adjmtnt  to  tTmt  angle. 

All  the  auca  for  soIuLioa  viaeh  can  mcui',  way  be  rednceil  lo  four. 

Casi  1. — O'ven  a  tide  ani  tmt  anffkt.  Tlje  third  angU  IB  obtaiaed  bj  cubtnut- 
1115  ibo  Bum  of  tlie  tiro  giren  ftngte*  from  180°.  Tbea  either  uolaiown  aide  can  ba 
■btaiai^  bj  Theorem  L 

Caliiog  the  ttitea  lida  «,  t«  Ure  S  i=  a .         :  tad  *  =  « 

•iDi  A  aUL  A 

23 


pib.*«. 


TRISOAUIIETRV. 


rA.fr,  A. 


Case  S. — Gii'cn  Iwa  liJi:!  iind  an  an^Ie  oppoaite  one  of  litem,  Tim  nii^jle  cppu- 
site  [lie  oilier  giren  side  U  found  by  Theorem  L  The  third  angle  ia  ublaiued  by 
lubU-ncliDg*  tliQ  Biim  of  the  olher  two  from  180°.  The  remainiog  eida  is  thtti  ob- 
tained by  Theorem  L 

OBlUnglhc  giv«u  sides  a  and  b.aad  tlia^Ten  soglo  A,-wo  hare  Bin.  B  =  uo.  A.— 

a 

Since  no  nngk  udJ  Ha  Buppkmcut  Lave  Uie  seme  einc,  the  result  u  (Lmliigiioiu ; 
fur  the  oDtjIe  B  ma;  Lb.tb  either  of  the  two  cupplBffleaUr;^  vtiluBa  indicated  by 
the  nne,  if  6  >  ^  uid  A  is  an  acntfl  Bugle. 

C  =  180°  —(A  +  BJ.  <!  =  sin.0  -A—- 

BIO.  A 

CiBE  3, — OiLi'n  f  in)  «i(/eit  aitd  iSeir  included  ati^h.  Applying  Theorem  U.  (<rl)- 
tninmg  ibc  eum  of  llic  angks  oppoaita  the*  giyca  eiclcs  lij  subtrni^ling  the  gixta 
iaduded  anglt  froTu  1SD°],  wo  obtniti  tljc  ililfuience  of  the  unknown  angles.  AAA- 
iftg'  tbia  to  tbcir  Bum  we  abtiuD'  l3ie  gruati't  angle,  and  aubttacttng  it  from  Llikir 
Hiim  we  ge-l  tho  loss.    Tlion  Tbcortm  1.  ■will  girc  the  ramiiin.ing  side. 

Calling'  given  ciJus  a  hod  b,  aal  Iba  included  aag\«  C,  we  luve 
A  +  B  =  1S0''— C,  Then 

tan.  i  (A-E)  =  tan.  1  (A  +  B). 
4(A  +  B)  +  i(A_B)=A,      4{i+B)-l(A-B)  =  B-      «  =  «^^^ 

I«  ttio  first  eqontipn  cot. }  C  msy  ba  «sad  in  tb«  pla^e  ^if  tan.  j  (A  +  B). 
Case  4r — ffiven      f^fcit  ai'<2c*.   Let  4  r^jtreseut  h&lf  the  Btuu  of  th^  ttired  ttdci 
(i  ~l~  ^  ~(~       ThGD  nny  aa;;1c,  as  A,  may  be  obtolueU  from  either  of  the  fpb 
Towing  fumulos,  fuuoded  on  Theorem  lU.: 


2^  (,-6) 
ba 


COB.  A  — 


9,  he 


The  first  jbrmuln  should  be  used  when  A  <^  90°,  and  the  eccond  vhea  A  ^  f  0*. 
The  third  should  Dot  be  TiBed  icbea  A  ii  benrly  180° ;  dot  Ibe  fourth  "wbea  A  ia 
nearly  flO";  nor  the  fiftL  wben  Aia  very  emiJl.  Tba  tLird  i*  the  raoet  coareatcDk 
vheo  all  the  anglu  nra  required 


APPENDIX  B. 


BEMONSTBAXIONS  OF  PROBLEMS,  ETC, 

WiST  of  the  problems,  dc,  conlained  in  the  preceding  pagei,  rtquire  DomoMtra 
tion:.  TbeBe  irill  he  gii^cn  licrc,  ddJ  n'ill  lie  >J'CiigDateil  lijr  tlie  BamB  nambera  nt 
thoM  of  the  ArLldes  lo  vliJch  tliey  ithi. 

A«  niDEij  of  tbeM  DcrnDQelratiima  brolTe  thu  beautiful  Theory  ef  Traiur^rsjils, 
AcL,  which  hai  not  jet  found  its  vnj  into  our  Gcametries,  a  noDilense-ii  Himninry 
of  its  piiacipal  TIieorGUiH  will  first  be  givea. 

TRANS  VE1(SALS. 
Tqeobem  I. — I/a  ilraighl  Uiu  bt  draiom  *o  «t  to  evt  ana  two  lidei  of  a  triangle, 

nmi  Ihi  tfitt-d  »idt  priAon^td,  l/iUt  dieiiling  tient  iitio  »ix  parCi  (lAe  protiHffrd  litU 
and  it  t  prolongation  Ireiag  too  of  tlm  part*),  thtn  leili  ike  product  of  aitj/lkr^ti/ 
thate part*,  icA^b*  exlrtmitit*  qro  noi  wntigwtif,  e^ial  tktpra^uet  of  l/if  other  thrt* 
parti. 

TLat  is,  in  Fig.  -(03,  ABC  btriag  tb«  truicigle,  end  '4-  ^ 

DFlheTmnHVMMl,  BExADXCF=EAxDOxBF.  A 

To  prove  tbiu,  from  B  draw  BO,  parallel  to  OA 
FiHJtn  llio  sitaiW  triangle^  BEG  and  AED,  -wa  hiiva 
EQ  :  BE  ::  AD  :  AE.  From  the  Bimilar  triangles 
BFQ  tmd  CFD.  wo  hava  CD  :  CF  BO  :  BF. 
Multiplying  thes*  proporliona  Ingcther,  Tft  have  p 
BGXOD;BE>eCF;:ADKBG;AExBF.    Multd-  ^  ^ 

plying  prtf*iii«s  and  mtnru,  and  iuppfemiiig  the  coauuotl  £tct«r  BO,  *ra  bftvc 
BE  X  ADXCF  =  EA  XDOXBF. 

Thew  i\X  firts.  are  iotnetiincB  said  to      in  ii^vluliifH. 

if  the  TronsTersal  pasMs  aatirel^  oat-  Fl^iftl 
aide  of  the  Iriangtf,  aii4  Ctlt4  tbe  prC'lougD- 
tluQS  of  nil  tliree  udesi,  u  id  Fig.  40i,  th« 
theorem  eIiU  hotda  good.   TEie  same  d«in- 
ORjtratioB  sppliu  vithoat  a'ny  change.* 

TnE»aEU  IL — CQnTeriely :  If  tfir<^ p^intt 
It  taken  oji  lum  tiiht  of  a  triaityle,  and  on 
thi  Ikitd  rida  frtlmjni,  or  on  the  prol^ 
ffationt  «/  Ihi  (hreg  tidrt,  dividing  thtm 
i-filo  (If  parlt,  nich  that  th«  product  of 
Ihrtt  twn-amteriiiiife part»  e^t^aU  the  prof- 
■c(  of  t!u!  Other  tkrn  part,:  l/un  u^ll  th'te  thret  p«inti  lia  in  tk*  mww  tiraisht  li»A, 

This  Thflor*m  is  prosed  bj  a  JlfdueHo  aJ  ainurrfmn. 


TWi  TbMram  in«j-  be  eiUadtd  to  pol^jtom. 


SS8 


TRANSVERSALS, 


Capp. 


Thedbem  UL—If/raiA  Iki  utmmiH  ffa  tnanjU,  Hnct 
Off  liraipn,  to  a  point  litualrii  ffffrer  ailfitn  or  vithoiU  lite 
trlangtn,  end  prolonytd  la  mrtl  Iht  lidei  of  tht  Crianiflf, 
or  their  prolonyaliani,  ifiua  dii>idi»y  thrm  into  tiz  portt ; 
(Aen  teitl  lAt  prmluti  of  any  Ihret  non-tantrcltve  parts  he 
tqual  (d  t)u  praduet  of  the  other  three  part*. 

Th»fc  ii,  in  Fig.  405.  or  Fig.  4  06. 

AE  X  BFX  CD  =  EB  X  FC  X  DA, 

For,  the  Iriaitgla  ABF  Vting  cot  tj- 
the  iTUiiBVerBal  EC,  gives  ttio  relutloa 
(TLeotei^  1.), 
AE  X  BO  X  FP  =  EB  X  FC  X  PA. 
The  Iritttigle  ACF,  being  cot  by  the 

DC  X  FB  X  rA  =  AD  X  CB  X  VP. 
Multiplying  tha/ie  equntiooa  tc^lher,  ^ 
nnd  ■uppressing  ihn  comtnon  factors- 

PA,  CB,  and  FP,  vtt  Lavt  AE  X  BF  X  CD  =  EB  X  FO  X  DA. 

TatOBEKlV.— CooTcrsoly :  If  three  point!  are  litualedon  the  thre»  aidet  of  a  tri- 

aitffie,  or  on  Ihcir pTcJ-ongaCions  {ciihcr  one,  or  Ihrer^  of  the»t poinfi  being  on  thf  eidi*), 
10  thai  they  dind"  Ihett  liifs  in  «u(A  a  way  that  thfprodmi  vf  my  thrte  non-cvn 
axMiveparU  tqvah  the  product  rf  the^ther  three  partt,  thtH  mill  lintt  Jro'mn  from 
lAete  poinit  la  the  oppoa'Uf  anglei  m<el  in  the  tame poitl, 
Tbie  Tbeorem  ctia  L«  deuotis Irate il      n  Jlediietio  aj  aiiurduiit. 

COROLLARIES  OJ  THE  PRECEDING  TUEOREMS. 


GoK.  l,— 77i«  MEDIANS  of  a  IHnjiglt  (L  e.,  tlie  lines  drawn  Froa)  its  atiinniiti  i 
itiB  nidJlei  of  the  cppoaite  aidet)  ntnt  in  l/ie  tame  point. 

For,  sup posli^.  in  Fig.  4Q5,  ibe  pnintti  D,  E,  ami  F  to  be  llic  miild1>.'s  of  tlie  fidrt, 
tike  proi^acta  of  tba  Doa-cO'aaeGutiTe  parts  wilt  be  equal,  i.  e.,  AE  X  BI^  X  CD= 
DAXEBXFO;  lince  AE  ssEB,  BF=:FC.  CD  =  DA.  ThenThGnrom  IV.  opplic* 

Cob.  2.— The  BISSEGTRICES  cfa  tnmgte  (L  e..  the  lijies  bi^ocaDg  ila  unglei] 
meei  in  the  tatne  p^itl- 

For,  in  Fig.  40S,  Eupposing  tbs  liuci  AF,  BD,  CE  to  bo  Bisieutrices.  vro  hata 
(LegBodra  IT.  IT) : 


EF :  FO  : :  AB  !  AO, 
CD:DA::  BO:BA, 
AJ::EB:;  CA:  CB, 


r  BF  X  AC  =  FO  X  AB, 
whence  }  CDX  BA  =  DAxBC, 
(  AE  X  CB  =  EB  X  CA. 


BCultiplying  lh«»a  eqnntioua  together,  and  omiltiDg  the  cgmmon  ItLtlors,  we  ban 
BF  X  CD  X  AE  =  FC  X  DA  X  EK    Tben  Tlieorem  IV.  appUa*. 
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Cob.  3.— Tim  AlTrTlTBES  of  a  trianifh  (L  c,  Ibe  Iirji  nrtiwii  from  it*  ■DDunili 
perpendicular  to  the  oppouto  aides)  Mtct  in  the  Ktme  point. 

For,  in  Fig.  405,  supptuiDg  tbe  line*  AF,  DD,  and  CE,  ta  }»  Altitudes,  we  bav« 
three  poirs  uf  siiuikr  trinnglea,  BCD  and  FCA,  CAE  md  DAB,  ABF  (lqiI  EBC,  l>y 
eO'inpOkfiii^'  which  wc  oblnia  reinliosa  fri-in  wliieh  it  id  «uf  todcdnee  BFxCDxAE 
=  EBXFCXDA;  aod  then Tiiaorem  IV.  ngaiii  applies. 

Con.  1. — //;  I'n  /Ty,  405.  or  rig,  406,  'A<  point  F  iff  'ot*™  >■"  lAtf  ib>'cJi£b  o/BC, 
IA«ti  aili  the  lint  ED  ft;  paraiM  le  DO. 

For,  aiacc  BF  =  FC,  tlio  equation  of  Theorem  I  [L  reduces  to  AEX  CD=EB  XD  A; 
vb«nee  A£ :  EB  : '.  AD  :  DC  ■  eonieqiicntly  ED  is  parallel  to  BC. 

Cob.  B,— Consorsely :  //'  EE  ie  parallel  to  BO,  thtn  U  BF  =  FC 

For.siDce  AE:  EB  : :  AD  :  IlC,  wc  Uro  AE  XDC  =  EB  X  AD;  whence, in  tlia 
oqiution  ofHieorem  IIL,  we  must        BF=  FC. 

CuK.  5. — Frflin  LJie  preceding Carcllivj^,  we  Jan^e  the  following: 

T/  Cm  lidrt  of  a  triangle  are  divided  pfapoTtionallg,  y\^,  407, 

Stirling  ffim  l!it  'oi'tt  tummi/,  at  A,  aid  line*  art  drttim  A 
from  the  eriremilirl  of  the  third  tide  to  the  point t  of  divi- 
lion,  ike  iuUrKClionf  of  the  eorrtipaiidin^  liiita  will  all  lie 
in  th*  laint  ttraighl  line  Joining  the  nunuitl  A,  ixad  tht 
middle  itf  ihe  bate. 

Cob.  1. — A  pattieulof  mm  of  Iho  preceding  coralluj 
is  this : 

la  any  Ifapticid,  Ihc  tlrnight  Uit4  which  joint  tkr  ialer- 
leclion  if  llie  diatfanati  and  the  point  of  mrelins  of  tht  non-parallel  uidet  produetd, 
p^ttet  IkriOHgh  tkt  middle  of  Ihe  tteo  parallel  (<hw«. 

Cor.  8. — Jf  l&e  three  linet  draiun  tkroiigh  the  eerretprmdi  iiy  tammUt  of  tun  trian- 
fflti  cut  carf  o/Aw  in  the  tami  pvtnl,  then  tht  chrte  poinln  in  vhich  tKe  eorreipcndinif 
lidei,  pndueed  tfiueaiary,  aill  meet,  are  tiluated  m  tin  ttin«  Mlraiffkl  /inc. 

Tliis  corollary  mar  be  cflherwise  cnunciEtcd,  tlmi : 

Tj  fin>  trianslfe  haee  their  samuiilM  mtuated,  two  and  two,  cn  Ckne  linei  ichich 
Meet  in  the  MuiU  ptiiitl,  then,  die. 

This  h  prored  by  obtAining  by  Th*4)F«m  X  three  O^u&tioDa,  whicli,  being  multi- 
plied tcigolheT.  Bttd  tho  six  comnioa  ruclors  cnnceLled,  give  an  »}ualian  tfo  whu'li 

Theoreln  U.  »pplte«. 

Triangles  ttioa  wluaTod  are  calleil  homolcyie;  Ihe  eooimoo  point  of  meotiog  of 
the  lii)c«  pauing  through  Uivir  euEnnilta  11  cnllei]  (he  etntre  of  Itamologt);  and  iha 
lint  oa  which  the  sides  meet,  tho  axi*  &f  homotoj/y. 


trod 


niRWOMC  DinsiOK. 


nARMONIC  DIVISION. 

Draisnioifft. — A  fltmiglit  line,  A3,  U  eaiJ  to 
he  Starmoniealltj  divided  at  the  pomts  C  imJ  D,  l~ 


irlifa  thesB  points  determine  twu  ni^iJitiTe  ii^g-  ^  C      B  D 

Dicnti,  AC,  ViC,  iitid  two  flubtroetive  s^ginetits,  AB,  BD,  pmpDrticnal  to  tiu<t  no- 
other :  io  Clint  AC  ;  BC  : .  AD  :  BD.  It  will  bit  Men  that  AC  must  ba  mate  tbao 
EC,  Bioco  AD  ia  mops  ttan  BP,* 

Tliift  rclntica  maj  bs  olberwiee  expresHed,  t}iTt«:  the  product  of  tlio  vliule  Iba 
bj  the  middlo  part  equals       prmluct  of  llie  extreme  |>nrta. 

RGciproenjlj,  the  lino  DC  is  hamioDicAllj  dividi:il  nt  the  poinla  B  and  A;  tiuce 
the  preceding  proportion  may  ha  written  DB  r  CE  : :  DA  ;  CA. 

TJic  four  pointflj  A,  B,  C,  D,  are  rolled  hatmu-irie*.  TLs  polBt*  C  aad  D  are  cdled 
hannonie  eoajugoCcs.    So  are  tlie  poluta  A  and  It. 

When  &  Btrnighl  line,  u  AB,  is  tiividcd  liarnirnically.  ila  hnlf  i^  n  luean  jiropw- 
tionjil  iMtvricen  tlio  dkta.DDe  frotn  Ibn  tnlddli^  of  iLe  line  to  the  tKo  points,  C  uud  D, 

irkiL-li  difide  it  barnignica]  1  y. 

If,  from  anj  jwiut,  0,  liues  be  drawn  bo  ns  ta  Ffs-  *WI. 

diride  It  lint)  harmuiiicallj,  tbece  liaes  am  calK-J 
an /lamwitii  pgncil.  The  four  lirnjs  wbieh  corn- 
|J03o  it,  OA,  00,  OB,  ODf  in  the  injure,  arc 
calkd  its  ndii,  and  the  ptiirs  trhich  pass  through 
the  conjugntA  poiats  arc  called  eanjuifalt  radii. 

1      U  D 

Tdbodgm  v. — In  any  harmimii  peneil,  a  lint  drattu  parallel  I4  ani/  9n<  4/  tKi 
radii,  ii  divided  h<f  iff  thret  other  radii  into  lico  egual  parti. 

Let  EF  ba  tlia  Viae,  drawn  parallel  to  Fl-  41». 

OA.   Through  B  draw  GU,  also  panidliii 
to  OA.    "We  hoTP, 

QB  :  OA  :  1  ED  :  AD  ;  nod 
BH :  OA  : :  EC  ;  AC. 


But,  hj  LyiKitbDsia,  AO  L  BO  : :  AD  :  BD. 
Hence,  tUa  first  two  proporlionB  redm:o  to 
nB  =  ElI;  ani3  conBequcDtly,  EFI=KF. 

The  ReeipToeal  i»  niso  true ;  i.  e., 

If  foitr  li'tei  raiiali^ig  ftKiin.  a  point  are  tueh  iftat  a  line  draicn  paraltei  of 
Chrtn  M  dii'idcd  inia  too  eqval  parti  by  ilie  other  th  ree,  the  /our  litiea  form  an  Attn 
mvnif  p'ntil. 

*  Thr«a  u  Dm  ben,  rij  p,  unn^il  la  4l«Ttulng  or-1cr  of  (ilib,  fbmi  mn  httrmantc  proporHm^ 
whm  tha  dlfTc-rencc  at  the  flnt  ind  Iho  wroncl  Is  io  Ibe  [l!frf}r4.'n(;«  fit  ihe  tfltund  iiiil  Ihd  fhlrJ.  14 
Ibc  QraC  li  to  LhD  tlilr-'L  Sach  irB  llm  niimbpn  C  i,  anH  S;  orfi,  IS.  tad  S:  or  1.\  l:.  nai  1": 
Boi  Id  FIf,  IDS,  ftre  ChS  Ibea  AD,  Ail,  rmd  AO,  -nhidi  tbai  giro  DD  :  CD AD  :  AC;  u> 
AO;  CB  ::  ADiBIl.  Tlio  serlM  of  &»cIIods,  |,  i.  ^,  J,  ^,  at,  li  callcJ  ■n  hariaimie progn*- 
•Inn,  bcckOHi  ui]' (uDKoaU-ro  t1ir«a  Driutennalbriii  in  AamMHiid  vr»DorMa». 
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icrmonicaJly. 

1*1  Ut  ho  the  lr«iB*er*iiL  Through  K.  where  Lit  intcnacti.  OB,  dmw  EF 
[ikraltel  to  OA.  It  ift  1)iscct«d  At  K  hj  tli4  preceding  theorem;  acJ  the  nimilpr 
triAD|fl«i^  FMK  and  LUO,  SEN  and  LNC,  give  tbe  proporLioDs 

LM  ;  KM  : :  OL  :  FK,  and      :  KK  : ;  OL :  EK ;  whencfl, 

tiiM  FK  =EK,  we  Iwvc  LH":  KK  : :  LM  :  KM. 

C0BOLUi».T. — The  tm  tiila  bJ  any  angle,  iaytilter  vith  t!it  IriMettrieai  n/  We 
and  of  iU  tupplemtnl,  form  an  harm^ie  jtftieil. 
Tiiixwnt  VII. — I/,  from  the  tammiii  of  ony  Fi«.4il, 


triang[le,  ABC,  ihrongh  any  pnirtl,  P,  iJitre  b» 
dravn  the  iraniveriaii  AD,  BE,  CF,  and  the  Irani- 
trrtal  ED  be  drawn  to  mert  AB  prolanyrd,  in  I", 
th*  pelntt  F  aitd     iM'U  JiuiJ*  tJu  bM4  AB  Aa^ 


TLlb  niA^  bs  «tharviH  Hcprewe^d,  thii?: 

Ti«  /iit«,  CP,  tthich  joint  tht  intertKliou  of  tin  diagfrnalt  of  onj  juadri/alerat, 
A,BDE,  mCh  t/it  pvint  -of  m'il'"J,  0,  "/  oppatllt  tijei  fratnn<feJ,  cu'«  Iht  tiiU 
AB  in  ajinint  F,  which  ti  f/i<  harmonic  toiijugati  of  tAe  jximl  o/ inrtliny,  P,  of 
thi  alhrr  tiea  liJtt,  ED  aiij  AB,  proltngcd. 

For.hyTLeorora  I..  Al"  X  BDX  CE  =  F'C  X  DO  XEA; 
Theorem  III-,  AF  )C  BD  X  CE  =  FB  X  DC  X  EA  | 
whenM  AF ;  FB  : :  AF  :  F'B. 


THE  coirpLETF:  quadrilateral. 


A  CampUte  Quairilattral  a  fann«d  by  ^ffr  I*- 

drawijig-  any  Tdiu  atr&i^^ht  liDeii,  bo  lljat  each 
of  them  sliatl  cat  each  of  lha  other  thref,  to 
aa  to  give  six  diffarent  pouita  of  interseelion. 
It  is  so  culled  bccniU'O  la  tlie  fig'nre  Ihns 
forraed  are  fotind  three  (jundrilnternb  ;  vii^ 
in  Fiy.  412,  ABCD,  a  comtn-on  conror  qundri- 
Uteral ;  EAFO,  «  iiiit-tDnc<RV  quadrllatvral ; 
sad  EBAFD,  iv  tti-eontave  qcndrilatBrnl,  cflni- 
poMd  of  two  o^pnfile  trinnglcs. 

The  complete  qundfiktcrivl,  AECCDF,  lini 
ihreo  diAgonnls ;  rLt,  two  interior,  AO,  BP  j 
toA  one  esterior,  EP. 

TaLOtttai  Vllt.—Tn  evcty  coifTLEre  uuAUJiSLitwAt  fA*  middle  point*  of  it*  Iknt 

dia^onalt  lie  in  the  taine  itrai^ii  Hn', 

AEBCDF  ii  the  i]uadriUI«riil,  And  lilH  Ui6  D)4'!d1e  point*  of  ill  llirte  diico- 
Dill.    Frura  A  and  D  draw  ponllel*  to  BC,  aiid  boia  3  aai  C  ilrav  panUlela  ta 


THE  CO.MFLETE  QITADRILATERIL.        [afp.  e. 


Fie.  vs. 


iJJ.  The  ttiiiigle  EDC  buiag  cut  l>j  l\ia  LrBosrcr^al  BP,  sc-e  have  (TlK'orem.  L]l 
PF  X  CI!  X  EA  =  CP  X  EB  X  DA.  Prom  ite  eqaaljly  of  pMallels  between, 
psraltvls,  wo  Lava  CII  =  E'B',  EAi^CA',  EB=:DB',  DA=E'A'.  Hene«,  the 
ftbiVB  cqinlion  becoiiiua  DF  X  E'B'  X  CA'  =  CF  X  DB'  X  E'A' ;  llierefurc.  bj 
Tlieorem  IL,  the  |KHnt!^  F,  B',  A',  lin  in  llic  aarao  strnight  line.  Havr,  tini*  iK« 
dingouala  ot  ihe  pnralltlc^rsm  ECA' A  bUect  each  clJier  at  N",  and  tlioae  of  the  pMT- 
allelograiB  EBB  D  at  JI,  we  liavd  EN  :  XA' : :  EM  ;  MB'.  Then  MK  U  f.arallrl  to 
FA' ;  and  ire  have  ES  :  NA' : :  EL  :  LF,  at  EL  =  LF,  w  that  L  is  tlie  middle  of 
EFi  and  Lhe  Bom^  gliraiglit  lia«  passes  through  L,  U,  luiil  N. 

Theohem  IX.— /h  ei'ery  fompUd  quadrtlalrral  eaeh  of  Ihe  thfve  ^^VBalt  *t 
divided  harmonicall}/  bij  thf  (mo  oClierit. 

CEBADP  19  tliD  csmpUtQ  quadrilatctaU 
TliQ  dingonn.!  EF  ia  diTtdi^d.  harmnnieally  at 
G  nnJ  il  \ij  DB  Bod  AO  predufcd ;  eiiici: 
AH,  DE,  anJ  FB  aro  tlirce  trruiSTorsala 
drawn  fruiu  the  Hivnmits  (rf  ths  triiiTiglo 
AEF  [lirouy;h  ibti  sawe  point  C;  and  tbere- 
hm,  by  Theorem  VIL,  DBO  nnd  ACH  dl- 
»ide  EF  hapmonictilly. 

So  ton,  to  tUo  triuDgle  ABD,  CB.  CA,  CD, 
ore  the  IhrcG  tracarerfoU  passing  through  0  ;  ocid  Q  and  K  therefore  divida  th4 
diugoofll  BD  hnrmoniciLlly. 

3o  loo,  in  Iha  triangle,  ABO,  DA,  DB,  DO  kk  tht  transTewnU,  and  O  nnd  K 
tile  pointB  ■which  divide  tho  diagoniLl  AC  harmonienllj, 

TomiBiai  ^—I/fram  a  poini.  A,  any  num- 
btr  of  linrf  b»  ilraurn,  nUting  th»  txdt»  tif  an. 
anffle  POQ,  ihe  iaIcriKliOTu  of  Ike  dtaijonals 
9f  Ihi  quadriiatiralt  thu  formed  aiii  all  lie 
in  the  tame  niraiylii  line  passing  Ihrouifh  ihe 
iiiiamit  of  tht  atygls. 

By  the  preceding  Theorem,  IIia  diaginnnl 
BC'cf  the  complete  qaadrilntei-d,  BAB'C'CO,  " 
is  dicided  ha rjnoii) colly  at  D  luid  E.  Kenci?,  OA,  Or,  OD,  and  OQ,  form  nn  har- 
monic petipi3.  So  do  OA,  OP,  OD',  npd  OQ.  Tliorcfone,  liia  ljn»  OD,  OD'  coin- 
cide.  So  fur  lha  otiiisr  tnt-sra'ctions. 

If  the  point  A  movua  oa  OA,  (lin  line  OD  U  not  diaplaced.  IT,  on  t^e  Mntrftr;, 
OA  disjilaccd,  OD  turas  uround  the  puiut  0.  Hence,  the  point  A  is  inld  to  be  k 
jMrle  wilb  respGt^t  tu  the  line  OD.  which  U  itst-df  called  lUe  jioliir  «f  the  point  A. 
Similarly,  D  La  u  pole  of  OAf  whlcli  ia  tho  polivr  of  D,  OD  is  lilieiriBo  the  polar  <A 
bny*  other  point  e&  the  lib  a  OA  \  and  tliii  ^topcrty  \s  nct^csiuirilT  rccifTornl  for  tho 
two  conjugate  radii  OA,  OD,  with  reipcct  lo  the  Unas  OF,  OtJ,  wbich  are  also 
cunjugnto  rodiL  Hence;  In.  every  hurtnuuic  paii.i;il,  each  «f  the  riidii  is  a  polar 
with  ro^pect  to  «ach  point  of  its  caiijui^atc',  and  each  point.  «f  this  latter  line  ii  a 
voir  wKSi  r«apect  lo  the  furmei. 
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PART  n. ;  CHAFTEU  V. 

(141)  Tho  eq^uUty  or  tbe  tmofles  formed  in  tb.eM  motbodi  proTM 
their  coTractness. 

(14-3^,  (I'll)  Theae  inelLDdi  depend  on  the  principle  of  tbe  aqnare  uf  tlw 
hypoUieniuu. 

(I-iS)  CAD  L*  u  sDgle  Inscribed  in  a  Betnicircle.  ^ 

(146)  I.«t  full  ■  perpcodii^ular  froin  B  to  AC,  meeting  it  st  a  point  E,  noi 
tantliid  in  Fig,  91.    ITieii  (Leg«ndl(e,  IV,  12), 

AL«=AC+B{?"3A0.CE;  ThwcB  CE^^^^^f-^. 

Z  AO 

BC 

Vbea  AC— AB,  this  b«(!9tne«  0B  =  — — ^.  Th«  umiUr  triuizle^BCE  aii4  POA, 

2  AL 

pTf  EC   CB  ::  AO  :  CS;  wlienca 

(147)  llnrt  a  point,  G,  iu  lie  iniJdle  of  DF,  niiil  jntn  GA  The  liiangle  ACD 
vill  t!)«»  t>«  i»u9C<;]i^»iii'>;eil  ij  eqiiLl  lo  the  isnscslealrinnglo  ABC,  baving  Lwa  sid^ 
and  Lheiiidudea  Willie  equal  Tlica  AO  =  GD  =  AB  =  CF.  IV  triangle  AGF  i« 
tbennlMi  isMMcelci.  Kow  lUo  angle  FAG  =  j  AGD ;  and  GAD  =  j  FGA.  Tltcrvfura 

FAG  +  GAD  =  FAD  =  J  (AOD  -f-  FGA)  =  i  (180°)  =  SO". 

(149)  Sea  Part  VII.,  Art.  (iOS). 

(150)  Tht  proof  fuUowa  Irom  Xlm  tquiJ  trian^'lea  furmcd, 

(151)  Tli«  proofis  fouaJ  in  ihe  first  balf  of  iLe  proof  of  Art.  (I4S). 
(133)  ACP  is  Ml  angle  imcriUed  ia  &  HCDUGircle. 

(154)  Dra'n'  from  C  a  |>crpfndiau]jir  to  ike  given  lio«,  meeting  it  at  a  point  R 

AC 

Jla  in  Uic  proof  of  Art.  (14S),  cliaogins  liio  letters  euitablf,  ws  bjLTe  -^'^"^^ 
He  eimilnr  trinogl^i  AEO  sod  ADP  gire 

(155)  SiiDklor  tninglM  proT«  thi& 

(154)  The  cquaE  trisnglci  'A-hlch  are  furrned  ,gi*c  BP=CF.  Henca  FP  ii 
Dsmllcl  to  BC,  and  comcq^ueatly  perpendicalar  to  tlio  given  line  DO. 

(IST)  The  proof  of  tM»  u  found  in  the  "  ^eory  of  TrnmTeraails,''  corvllnrj  Si 

(■58)  llie  proof  of  this  ia  tho  aatne  aa  the  fa.Et 

(101)  The  line*  nta  porallel  becaiue  of  the  eqaat  angles  formed. 


•  AdiUiintiil  tiDH  b.  l\m  ttgam  In  ibatext  wOl  tamt/Oam  bs  emiilajtd  Tbe  Modoat  iboald 
Jriw  tliem  og  the  flgurc^  u  dlrMied. 
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debtosstratioss 


[*rp.  n. 


(IAS)  Tlie  cqttfll  triangks  gii-E  cqunl  uti^L'S,  n.ud  thei'ifure  parallels. 

(I<63)  AB  is  parallel  to  rF.aiaM  it«uU  iba  aiea  oS  llie  triangle  proporLionoIIy, 

(164)  Tbo  proof  is  round  in  eorollflry  4  of  "  TraiiBVErafda." 

(1«5)  From  the  fiimilar  triarglen,  CAD  and  CZP,  we  have  CE  :  CD : :  CP  :  CA. 
TrtiEu  ILt  Biniil&t-  trionglt^  CEt'  und  CBD,  w«  hara  CE :  CD  : :  CF  :  CD.  Tfacw 
two  prupartionft  gira  Uie  blloiriDg;  CP  i  CA : :  CF :  CB.  Hhwelon  PF  u  psr- 
ollel  to  AB. 

(106)  Dra-wPE.  The  Biinilar  trinnglea  PcE  naJ  ACD  giTo  PE:  CE::  AD :  CD. 
Tlio  BimiLnr  trianglus  CEF  ami  CDB  gi^e  EF  :  CE  ; :  DB  :  CD.  These  proportion* 
prodiioB  PE  ;  EF  : :  AD  I  DB.  Itencc  TEF  ia  eiinilnv  to  ADD,  and  PF  is  patkllii 
lo  AJ). 

(173)  llie  cquaUljof  tlic  lyUMetricAl  triangle*  ythich  ftK  fumed,  pf«Tea  litis 
iDctLod. 

(174)  ABP  U  n  truuTeranl  Lo  tLo  trlnQglc  CDR  Then,  l>j  Tli«oreiii  L  <d 
•'  TransTersiils."  CA  X  EB  X  DP  =  AE  X  ED  X  CP ;  wJienee  we  Ihto 

CP:DP::  CA  XEb:  AE  X  BD. 
By  "diviiion,"  CP  —  DP:  DP  ::  CA  X  EB  —  AE  X  DD  ;  AE  X  BD. 

H.na«,        CP-DP  =  CD,  w«  obtnia  DP=^j^^— ^  — 

Tlie  other  furmulu  src  £impli£«d  bj  th»  c^iumQD  favtort  (ibUiiofid  bj  mnkinij 
AE=AC,  or  BE  =  DD. 

(it A)  By  Tlieornm  VII.  "Hiirmouic  DiTLiion,"ln  (bo  quadrilateral  ABED,  llto 
Lnu  CF  cuts  DE  in  n  point,  L,  wliith  ia  the  harmoQic  conjugMte  of  tlia  piiint  nt 
whii:h  AB  and  DE,  produced,  ■would  roeot  So  ton,  in  tlia  iju.idrilntvrnl  DEHE, 
thia  eBine  litis,  00,  produced,  Citla  DE  iii  n  point,  L,  vhiuU  ia  harttioaia  tooja- 
gato  of  the  point  at  nhicli  DE  ajid  KH,  produced,  would  oieeL  ConBcquently, 
AB,  DB,  [uid  IlU  QiuBt  meet  in  ibu  aatno  pnint  Olfifrmitf:  this  problem  may  bo 
regarded  as-  th»  cotiverso  of  Theorem  X.  of  "Trniisversals,"  BCA  "being  the  Jtoglc, 
und  P  the  point  from  which  iho  radiating  lines  aru  drawo, 

EGCFDH  ialha  "Complote  QuadrikluML"  Its  tbrco  dijigonala  nre  FE, 
DC,  and  UG;  nnd  tbeir  niidiSl«  puiDta  A,  B,  aad  P  Le  in  Ihd  eaiue  gtrnight  liae,  hj 
ffurThfloreraVIIL 

(IS-S)  This  instrtmicot  depcada  on  the  opiicnl  piiocipte  of  IJte  equalltj  of  ilu 
■inglfs  of  iflcidoDCQ  aud  reflection. 

(164)  Tho  Gret  metliod  given,  Fig,  ISO,  is  ntiolher  application  ortlic  Tlionrj'  of 
Trangversali.  The  eecond  method  in  !tio  arllele  is  proved  bj*  supixisirig  lljo  fijiuro 
to  be  conjtruated,  la  which  cmo  e-hnuld  hav«  u  triaugle  QZR,  vbnae  hose,  QR, 
aaJ  a.  pai-nlltil  to  it,  BD,  would  bo  cut  froportiuJially  \>y  tlio  required  iloa  I^^i 
BDXQP 


•a  thnb  QR :  BD : :  QP :  BS  =  ' 


tiit 


(lifli)  By  "  TransrersBls,"  Thuorem  1,,  wc  ohtaiD,  regarding  CD  u  iLe  trsns- 
veraal  of  the  triaojjls  ABE,  CBxAFxED=:  ACxFEXDB;  and  ainse  £D=DB, 
thi4  IwccniM  CBXAF  =  ACXFE;  whsiito  tin-  fifoiiotli"!!  CB  ;  AC  i :  FE  ;  AF. 
By  "dinawn,"  we  Lave  CB  — AC  ;  AC  !i  FE— AF  :  AF.    ObBersioK  th«l 

CB  —  AC  =AB,  W8  obtain  AB  =  ^  ■  [FE  —  All 


For  Fart  II.,  Chapler  T. 


(100)  Tuko  GH  =  CIt ;  mid  from  B  let  full  a  pfirpcn- 
diiular,  BK,  to  AC.  nion,  ia  the  triangle  CBH,  we  Lavo 
;L^fnJfe  rV.  32), 

CH'  +BrT'— BC_  PH*  _ 
2CH  SBC' 


—  „  or-  >  L'J 


tinea  CH  =  EC. 
In  tlic  Iriauglo  AEH.  va  have  (Leg.  IT.  IS) 
AB»  =  AH' +  DE' +  2  AH .  HK. 
Subatilating;  for  HE.  i\»  ralue  from  [1],  're  g<>t 

AB-  =  AE'  +  Bn'(l+-^). 

Bnt  AH=AO-Cn=AC  — BO 

AB»=AH«  +  BIP  + 


)=AE»+BH". 


AO 

BC" 


[2] 


Id  tbe  abOTn  expression  for  ATI,  BE  ia  unknown.  To  fincl  it,  proi>e«d  thus. 
Take  CF  =  CD.   TliBn  DF  U  paraUu!  lo  BH  ;  and  we  hiivo  CD ;  CB    DF  :  BH ; 


In  this  «<iDBtiDaI)P  ia  aolcDDira:  but      proceeding  at  at  lliu  bcginmng  otth.ia 

CE 

iBTMtigation,  we  get  an  equaliim  aonlcgoiw  to  [2],  giving  ED'=nF'+  DP,  —  ■, 

v>D 


Snbstituting  this  valaa  «f  DF*  ia  [Sj,  we  htve 


CB' 


Sutn-titutias  tliia  raluc  uf  BH'  ia       w^  Iiare 
AB'=AH»+(DE'-EF').^gj|^=(AC-BC)'+[DE'-(CE-CD)«]X^g5. 

(191.)  SiDcv  BCD  ■»  B  right  sp'g'le,  AC  U  a  mcim  propvrtlDiinl  btttreeti  AH 
and  AD. 

(tPfSi  I'be  proof  fulluwa  from  the  Bimilor  trianglea  conatniGted. 

(ISa)  Tha  similar  Inanglfs  gira  DE  :  AC  i :  DB :  AB;  wlience,  by  diviBion,* 
DE  — AC  :  AG  ::  DB  — AB  :  AB;  whence,  aiace  DB  — AB  =  AJ>,  we  Iiava 
ACXAD 


DE-AO' 


(194)  From  umilor  tri^H  ^9  lufe  DB  :  CA. : :  EB  :  AB  i  wb«a» 
PS— CA  1  CA      EB— AB  :  AB ;  vbeace,  eiace  EB— AB=AS,  wa  get 

DE-AC- 

(19S]  The  ijiaRgkfi  DEF  uvd  BAF,  similar  b««AUM  oftheparaUelognm  wliich 
Ji  coDttructed,  giTfl  FE  :  ED  : :  AP  i  AB  = 


FE 


The  tiianglsi  DEF  and  BCD  gire  utailar Ijr  FB :  ED : :  DO :  0B= 


AOXDO 


FE 


8W 


DEItlOKSTR\TIO\S 


(IM)  The  equalitj  of  llie  Iriangleg  forcneii  proves  this  prolilcm. 

(107)  Tha  proof  o(  (Lis  probk&t  ii1m>  dt^peotk  on  tlio  cquaLly  of  tbe  It-Luiglei 
coueiructijtl.   The  d«t(ul4  of  Llie  praot  require  attenLlon, 

(108)  EB  is  Llia  transTeraal  of  the  trinngla  ACD.  Consequenlly,  CBxAFxDB 
=:AI3XFDXCEi  or,  since  CB==AB+AC(AB-f'AC)XAFXDEi=iABxFDxC^: 

ACXAFXDE 


whence  AB  = 


FDxCE— ATxDE' 


Taking  E.in  tlie  roidills  of  CD,  CE=zDE,  and  Uioae  linen  are  c&nceUed.  Ta'dng 
F  in  the  middle  of  All,  AF  =  KD,  and  those  Irnsa  urc  canc«Uod. 

(199)  The  line  BE  is  Iuu:inoaica1]y  divLdeii  at  tlie  poiots  II  tuid  A,  frooi  Tb«  irem 
rX,  ECFBGD beings " Complete  <iuiidrik(erfl]."  Cooseq.iiBntiy.  AE  :EH ^ :  AB; Iffl 
Hence,  ly  " diTiaion,"  AE  — EU:AB.-:  All  — HB;AU.    We  tlicrcfore  bBce, 

liDce  AB  — HB  =  An,  AB  =  f5^^. 

A.Cf   r.Vl 

(300)  For  iho  mae  reosoaa  us  m  the  tnsL article,  CFia  Ijann-onicalljdiirided  it  n 
and  D ;  and  we  liBTe  CH :  HF  ; :  CD :  DF ;  whence  CE — HFiCH;:  OD — DF:CJ> 

HcMt  ilnee  CD  —  DF  =  CP,  CD  ==  ' 

The  other  two  espreaeione  come  from  writing  CF  oa  CH  +  HF,  and  HF  u 
CF  — CU. 

(401)  Tli*  equality  cf  itio  trinnglea  formed  proves  iht  eqiinlily  of  the  eotr^ 
f  P4>n<iiigg  siiei  ED  and  Dli!,  ttc, 

(303)  Tlie  Bimilnr  trianglea  (made  to  bj  tlie  raeubirement  of  CE]  give 
ACXDE 


CD:DE;:CA:  AB  =  : 


CD 


(303)  The  Bifflilar  triiuglai  (uuds  lo  by  tlie  parallel)  gire  CE:  £A:;  CD:  AB 

CPX  EA  _  CD >C( AC  —  CE) 
"     CE  CE  * 

DFX  CD 


(304)  The  cimilar  triaogloB  DFQ  imd  BCD  givo  HF  i  FD  : :  DC ;  £C  =  - 


FH 


Tlie  fflioiljir  triangles  FGH  and  ABC  giva  TG  :  QH  : :  BC  :  AB  =  BO 


GH 


fiabotitutiog  for  DC,  iti  above  value,  we  have  AB  = 


DF  X  CD  X  CrH 


When  CD  =  CE,  DF  =  OD,  vhaOM  the  Mcond  formula, 

(305)  Tlia  eijiinlity  of  ILo  Bymmeltical  trianglei  wLii-li  aro  forme*},  ptovM  i1m 
equality  of  A'B'  ta  AB. 

{30fi)  The  proof  of  tbia  ia  Bimikr  to  the  preceding. 

4307}  BeCauM  tlia  two  trian^Ioa  ABC  and  ADE  hovo  a  Mminoa  aagl«  at  A, 
we  twTfl  ADE;  ABC::  AD  X  AI^ :  AB  X  AC ;  whuuce  tbo  cxpr^wioa  fur  AltC. 

{SOS)  From  B  let  fiiU  a  perp«nilicular  to  AC,  mcetin»  it  at  a  point  B'.  Call 
Ihia  pcrpcDcjicitliir  BB'  =  p.  From  D  let  full  &  perpuudkulor  to  Al\  m^vliog  it 
at  A  poiot  D'.    Call  Cliia  [Krpendicular  DD'  =  q. 


rnr  Pari  V. 


The  qiiatlnloteral  ABCD=  AC  xHp  +  g)- 
The  Iriungli!  BCE  =  CE  X  ip:  -whoDco  p  — 


a.BCE 


CE  ' 

Tiie  Bimilnr  trianglea  EDD'  BDd  BEB'  give  jy  :  j 
_    DE_  S.BCE  X  BE 


BE  :  DS,  vbenn 


BD 


Lutlf,  ABCD  =  AC  X  £CK  X 


BD 

CEXBE' 


:BCEx 


ACXBP 
CEXBK' 


DEMONSTRATIONS  FOK  PART  V. 

(389)  Lptlt  =  tba  nicnsutd  inclJaed  length,  6  =  th.ii  l«DglU  reduceil  to  a 
liariEoalnl  plftne,  nnd  A  =  lli«  nngls  vhieh  tha  mCBsnrcd  b4iia  nuibca  <iFitb 
tUe  borizoD.  Thea  b  =  U  ,  ix%  i-  and  tlie  «3cesa  of  B  om  b,  i  e., 
B-^J=B  <1  —  COS.  A).  Since  1 — eo*.  A  =  S  {ain,  ^  A)'  [Trigonometry, 
ArL  (6)},  w«  huTe  B— 6  =  2  B  (lin.  i  A)*.  Subitiiuling  for  ain.  t.A,  iu 
•pproiimata  eijuivaient,  |  A  :<  fin.  1'  [TrlgoDometrj',  Art  (5}J,  we  obtain 
]D  — 6  =  2B  (lAX  Ein.  1')*  =  J  (sni.  I'J",  A'.B,  =±0.00000004231  A'  R 
By  logBtitbau,  log.  (B  —  t)  =  2,62B422  4-  2  log.  A  +  log,  B.  Tbo  gre«Ur  pmisiwn 
of  lUia  calculuLLon  thoD  Uint  of  i  =  B .  cm.  A,  arues  from  the  slovncaa  witb  wliiclt 
the  Qosinea  of  yery  ■moll  angles  iocrean  or  docroKia  in  lenglb. 

(386)  The  siteriumiiglo  LER  =  LCE  +  CLD,    Also,  LEn  =  LDR  +  CRD. 
.■.LCR+CaJ3  =  LDR+CRD,     and  LCR  =  LDil+CRD-CLD. 

CD* 

From  the  triwigle  CRD  w«  get  •tii,CED  =  »io.  CDB  X  =5. 

CD 

From  the  triangls  CLD  we  get  ain.  CLD  =tiii.  IDC  X  ;Tr- 

Afl  the  a-DElm  CKD  and  CLD  are  Tsry  iniftll,  these  rnluei  oT  tha  aiaea  may  bo 

cnUei]  tha  Tallies  oftlio  arct  whkh  meusure  the  anglca,  and  we  shall  hare 

CD  CD 
LCB  =L1>R  +  sin.  CDE  X  sin.  LDC  X  ~. 

The  lut  two  tenia  are  ciprcHed  in  fiarb  of  radius,  and  to  havo  them  in  second^ 
they  tnuat  ha  divided  Ly  sin.  1"  [Tngonumetry,  Art.(B),  Note],  which  gires  tha 
furmula  in  tli«  text  Dtherwiie,  the  Mrreatlon  bping  in  parts  of  radiLis,  may  be 
brought  intff  Mconil*  by  muJiiplyins  it  by  the  I<ngih  «f  tb^  radium  m  seconJ*;  L 

g  =  =»e2M".60fl25  [TrigoDometry,  Art.  (S)  ]. 

(39i)  The  trian5les  AOB,  BOC,  COD.  At.,  gir*  the  following  proportioM 
[Triganometry,  Art.  (151,  Tl,^<JreB|  I.];  AO  ;  OB  ;  ;  wn.  (S)  ;  «;n.  (I) ; 
OB  :  OC : ;  ein.  (4) :  ain.  (3)  ^  OC  :  OD  ; :  sin.  (d) :  ain.  (S> ;  and  bo  on  arouiid  tha 
polygoa  21  III ti plying  t(igeth«r  the  correipoDdiag  teima  of  all  the  proporLloQ^ 
the  eidea  will  all  be  canMl1»d,  and  there  will  reeull 

1 :  1  ; :  Bin.  (2)  X  ain.  (I)  X  sin..  («)  X  sin.  (g)  X  ain.  (10)  X  aia  (I  J)  X  eia  (14): 

■in.  (I)  X  iin.  (-■')  X      (5)  X       (T)  X  sio-  (B)  X  eia  {11)  X  siiv  (15). 
Bence  tlie  equality  of  tile  iMt  tw»  tenna  of  tix  proportion 
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DEMONSTRATION  FOR  PART  VL 
1399]  lathe  tria^igla  ABS,  vo  have 

an.  -hSB :  tia.  HAS  : :  AB  ;  SB  = 
In  tliQ  trinngle  GB3,  we  tiavD 

Bia.  BSC  :  tin.  BCS  t :  BO  ;  SB 


AB.sin.  BAS     e.fin.  U 


Bio.  ASB 
BO  .  a  in.  BCS 


•1 .  ein.  T 


[I] 


[1] 


Hence, 


■  c ,  (tin,  n 


■ill.  S 


nia  DUG  tin.  S'  ' 

'"^7';^l'fePc«.c-«'n.  S  .  fiin-U— a.  liaS.  sia  'V==fy.  [11 
Bin.  S 


In  iha  q^nadrilaterol  ABCS,  we  havo 
BCS=:360°  —  ASB— BSC  —  ABC  — BAS;  w  ¥  =  860°- S— S'— B— 

1^17  =  300°— S  —  S'  —  B,  onil  we  Jiotc  V  =  T— U.  [*! 
EuUeLiluting  lUi4  nine  of  V,  in  cqnntioa  [3],  we  get  [Trig^  Art,  (6)], 

« .  BID  S'  Bin.  U  —  d .  UD.  S  [iia.  T .  cat.  U  —  noa.  T .  iiA.  U}  =  0, 
Diridiiij  hj  ssa.  U,  ve  get 

c.gin,     — ff.sin.  S  {Biii,T.?^— co«.  =0 

\         aia  U  / 

Whonci;  we  Imve 

Ptfl.  TT  y  o.bIti.  S'  +  a.  an.  3  ■  co&  T 

sia  U  a .  biB.  S .  UD.  T 

BeparatiDg'  thia  eiprcBsion  inlo  two  parta,  aai  cancelliufr,  we  get 


cot  U=- 


e .  tiD.  S' 


COS.  T 


"  a .  sin.  S .  nia.  T  ^  tio.  T' 
SeparAling  the  Beeond  member  into  tuclore,  wo  get 

^  _     CDB-T  /     c.flin.  S'       ,  ,\ 

catP  =  eot.T(  "'t-^' 

\a.Ma.  a. COS.  T  '  / 


Ilaviiig  fouod  U,  eqimlion  [4]  girca  V ;  anil  cither  [lH  ut  [2)  g'ires  SB;  an] 
3A  ODii  SO  are  tlico  givea  by  tbe  iuu)li»r  "  Sine  prajHirtion"  [Trcg^,  Ark  (1S>}. 


Arr.  B.] 


For  Part  Til. 


SM 


DEMONSTRATIONS  FOR  PART  m 
CP 

(■fl03)  If  AfC  be  a  right  mgle,  —  =  oob.  CAB  [Trigonometry.  Art.  {4)]. 

(JO*)  AC  =  PC,li»n.APC;  atid  OB  =  P0.Un-BPC[Triffoiieinetry,Art,  (4)J 
neac«  AC  :  CB    tan.  AFC  :  tan.  BPC ;  and 

AC  :  AC  -h  CB  : :  too.  APO  :  Ian.  AFC  +  tea.  BPC. 

Cor«.iueDtly.rineeAC  +  CB=AB,     AC  =  AB  ■  BUC' 

(414)  Tbc-  equal  on  J  supplemtntarj'  angl««  fonn-cU  pro-Te  llie  operation. 

(431)  Id  Fig.  iBs,  CA  :  £0  : ;  AB  :  GB.    By  "  dlTiuon,"  CA  — KQiEO:^ 
AB  — GU  :  Gil    Hence,  oUervliig  that  AB  — GB  =  AI?,  we  ikM  kari 
GBJCA-EO) 
JiQ 

(433)     Art.  (in).  Theorem  IIL,  [Trigonomolry,  Appendix  A,]  gtTet 

COS.  C=  —   '        =    +    —  ^  aft.  COS.  C.    TTii*  bMemes  [Trig.,  Art 

(6)].  K  hcing  the  Boppleoioiit  of  C,  =  a'  +  6"  +  2  jfi  .  coa  K.  The  scries  [Trig. 
Art.  (&}]  for  the  leugthof  a  caiia^  gitca,  takiog  oalj  its  fit»t  ivo  tcnuB,  uace  K  u 
Tcij  imall,  COS.  E  =  1  —  J  K\  Beace, 

e* f  +  2  aft  -  =i  K»=<«  +  6)»- -6  K' =  («  +  6>' (l  -  ji^)  ; 
Th«i«.  r  =(<.+  6)  ^ (l-  ^-|^.), 

Developing  the  quanlity  undor  the  radicul  eign  hj  th«  biaomial  theorem,  and  aeg- 
letting  tbo  temu  t&tit  tbe  BeCQ;i4,  it  li^cotsiH 

Snliititatin^  fnr  K  tamntci,  E.  sin.  I'  [Trig.,  Art  (B)],  anil  pCTfonniiig  the  mult!' 
plication  by  a  -|~  ft,  we  ohtaln 

2  to  +  2 

oh 

whenec  the  fonnulft  iu  the  teat,  e  =  a  +  6  —  0.000000045309  X  — r-r- 

a  o 

(130)  In  the  Iriinglo  ABO,  liesigoata  tUo  englestu  A,  B,  C;  taii  tbo  itdei  op- 

posito  to  Ihomftia,  ft,      LetCD  =  j;    Tljo  triansle  BCD  giytM  [Triff,  Art.  (IS), 

,  Bin.  BDO    ™      .     .    .  ™  sin.  ADC 

Theorem  I],  a  =d     'pnp-   The  triangle  ACD  iimiliirly  giTci  6=  d  •  ^  pAJ>' 

In  the  trianglo  ABC,  we  have  {Trig.,  Art.  (1!),  Theorem  IL], 
ton.  4  (A— B)  :cot.ia::(i— ft:a-fS; 

Whence  taa.  1- (A  —  B)  =  ^^ .  ooL  j  C.  [11 

L«t  K  l>0  u  Biuilimij  ba^le,  «xich  ibat  i=a,ta9.  £;  irb«jic<?  ton. 


400 
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[ai*p,  H. 


SlTidiog  tlie  Hcond  member  of  equatiun  [l],  nhore  Bod  beloir,  b;  a,  and  enbalitu' 
tine  tan.  K  for-,  we  got  tan.  ^  (A  —  B)  =  |  ~" ^  ■  cot.  |  C 

a  1  -|-  tun.  tk. 

Siuea  loo,  i^"  =  1,  we  mitj  jnbstitntA  it  for  1  in  the  prceeiluig  ^^uaUnn,  ubi 

yraeet  ton.  4  (A — B)  —  r—  --cot.  4-  C. 

*  '      tan.  ifr"  +  tan.  K  ' 

From  the  expteHioa  for  the  tangent  tt  th«  difi^rcneo  ol  tvo  rtcb  [Tng-t  -^'^ 
(8)],  the  proceding  frai^tiaa  reduces  to  tan,  {ii"  -r—  K) ;  and  the  equatio-a  h^coniM 

tan,  J  (A  —  BJ  =  tan.  (45'  —  K) .  cot.  i  C.  [-2] 

Id  tLe  eqiulion  tan.  E  =  — ,  Bubatitute  the  T&laea  of  b  iOid  it  from  tl*  ffimDUa 
it  tLe  bcgidoiiig  of  this  invfatigaLioD.    Thii  g'ivei 

_    wn.  ADC_^     hh.  BDC_wn.  ADS.ain.  CBD 
^  ma.QAD  '       ain.  Oi!D"~eia  CAD .  ain.  BUG" 

(A —  B]  ia  t}ien  obtained  hjr  equation  [2] ;  (A  -|-  B)  ia  Ibe  Bupplement  of  C 
iWeroro  (he  nngte  A  U  Imown, 

« .  wn.  C     rf.  Bin.  BDO .  "o.  ACB 


Then 


<!=AB  = 


utL  A        ein.  CBD  .  sio.  OAB  ' 
The  uae  of  tha  avuiUar;  ang-le  K,  avoid?  the  calculatioii  of  iti«  Rides  a  und  & 

(434)  In  the  figura  on  page-       produce  AD  to  Bome  point  F.    Th-e  cxt«iicir 

PcgSes,  EBO  =  A+ P;  EqD  =  A  +  Qi   J:DF  =  A+R.    Th*  trimugU  ABB 

BE     Bin.  4    „     .     ,  ■       CE      ein.  A  ... 

a.i?e*  —  =  -: — — ,  The  InaDale  ACE  gives  — ; —  =  — — .  Dividing  metoher 
*         O       MIL?  "  ^       «  +  «      Bin.Q  ^ 

by  number,      ,g.t      =  ^^^^^^p- 

In  the  name  waj  the  triangles  BED  and  CED  give  r^~"  =  75^— ^  J 

,  CE     Bin.(A  +  R)    ^  ,  ,     BE     (i  +  *> ein.  (R  —  Q) 

6      BIO. (R  —  Q)  Ci^         I.  eia.  <lt — P) 

£i{uatu]g  tiaese  two  roluee  ef  the  same  ratio,  we  gsL 

Tooolre  ihia  equation  of  the  2d  degree,  with  reference  to  7,  make 
,„_  4ab      tin.Q(ain.  R  — F) 
Ca— *)'  *siD.P(aiij.  K  — ay 

Then  llie  firat  tii«mb«r  of  tb«  preceding  equetion  =1  ■  (a  —  X  Uu.*E-  uS 
we  get  i'  +  (a  +  i)  X  =  i  (a  —J)'  -  tan.*  K  —  ab, 

ud        ±  = — i     +  S )  ±  V  [U«  —  * )'  ■  tan.'  K  —  0  6  +  i  (a  + 

= -  i  (-  +  6)  ±     [i  («  -  i)'  ■  liiD-'  E  +  i  («  -  &)*] 
=- i  («  +  i)  ±  4  l"- 6)  K  + 1), 

Or,  unce  ^(tan.'  K  +  l)=aeouit  K  =  — ^-r^,wo  have  x=- 


UKMONSTRATIONS  FOR  l^AUT  XT. 


(41111}  The  oonl^nt  being  g^Tien,aDd  the  length  to  be  n  liaies  the  breadth 
Oreadcb  X  n  timca  bre»dlh  =  content ;  whence,  BreaJtli  ^iwntpnt^^ 

Givan  the  cuuleulr^i!,  atiiJ  llis  dliri'i-eDCQ  of  tbe  Il-u;;1]i  and  breadlb=3d:  tc 
fioii  tlie  lengtb  i,  and  the  Uroaiich  h.  We  haTiy  /X  h  =  e;  and  I —  b  =  t£.  From 
tliosa  Itto-  equal iona.  we  get  '  =  i        i  ^  t"^  4"  *  '^ 

Given  the  content dbd  the  c-uta  uf  the  kngth  AtiJ  breadth  =j;  to  find  i  nnd  A 
Wobavei  X  6  =<  ;  aud  i  +  i  =  #  ;  wbcoce  ti'c  get  i  =  i  »  +  — 

(il9J)  The  first  rule  is  a  coDseqaenca  of  tbe  EiTca  or  a  triong-le  b«ing  the  proJuci 
of  its  height  by  half  its  base. 

To  gvt  tho  lecond  lule,  call  the  height  \\  Ibea  tbo  baBe  =  inA;  luid  the  arsn 
=  \hy.m}i\  ■v\iemKh  =  j^   

For  tb«  equilntcTal  (liapgle,  cidLbg  iU  (jd«    tbe  rormolft  for  tha  area  of  a  trinngrg 
v'  [  (4  • )  (4  »  —  a)  (*       6)  (i      01  «duc«,to  i  e'  ^/-S.  Hence  .  =  2|/ 
=  1.5197  V 

(493)  By  Art.  (dC).  Note,  ^  ,  AB  X  EC  X  ein.  B=:coiitei(l  of  ABC  ;  whence. 
2  X  ABO 


AB .  rin.  B' 


24  J  J' 

(4M)  The  afea«f  »  oirde  =  MJiils*X  — ^bcnC*  radius  =  j/ 1 


7  X  areaV 


2a 


<4B7)  Tbe  blocks,  includiag  hjilf  of  the  atracti  aad  avenues  ground  ihtiii.  nrs 
9O0  X  280  =  934000  square  feet  Tht9  area  gives  tl  lots;  then  on  ocre,  or  48500 
fccti  wouiJ  gira  not  <juite  12  juts. 

(!M)3)  The  parallel ogrum  ABDO  being  double  the  triougle  ABO,  tbe  prooT  for 
Art  (49S),  »!ight!j  modified,  applies  bore, 

{$0-l>  Produce  BO  and  AD  ta  meat  id  E.  F<<.  84t,bb. 

By  Biniilar  triuigUe,  it 

ABE  ;  DCE  : :  AB"  :  DC. 
ABE  —  DCE :  ABE  i :  AB'  —  1>C :  AB'  F 

Now  ABE  — DCE  =  ABCD;  klscs  by 
ArL  (B5),  Note. 

ABE=AB>."°- 

S.iin,(A+fi) 

Tbe  aboro  proportioa  tberefore  Itecomcs 

ABCD :  AB*.  "°;A  -  'iaB 
2.  aiA.  (A  +  B) 

Uolliplf  iog  exircroea  and  tneaiu,  fauoelliDg,  transpoaiag.  aa4  txtrscting  th«  t^su* 

2 .  ABCD  .  sin.  (A  +  B)l 


laot.  we  get  CD  =  ^  ^AB'  — ^ 


sUL  A .  sio.  B 


-1 
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de:i:o\stratioks 


[aw.  * 


Whea  A -|- B  >  1S0°,  EiD.  (A 't' ^]  >s  nrgulivc,  aaJ  therefore  tli«  fmctina  in 
vVich  it  occurs 'bccpmea  positive. 
CF  being  drawa  paraUel  to  DA,  we  hove 


AD=rC  =  FB. 


0.  B 


=  FB.- 


ein.  B 


■=CAB  — CD) 


tin.  (A+BJ 


HiiLBCF  atn.  (180*— A— B) 

(505)  Since  UQiilur  trinogles  an  m  ttio  tqiiarcv  of  tlicit  hsmdogmu  uitik 
DDE :  BFG  ; :  BD- :  BF* ;  whence  BF  =  BD^ 

(506)  BFG  =^ .  BF  X  FO  =  1 .  BF  X  BF ,  tflB.  E  ; 
(aiO)  By  Art.  (66),  Note,  BFO  =  BF». 


*iti.  B.  Bin.  F 


2  .  ain.  (B  +  F) ' 
_p  _  //S..in.(B+r).BFO\ 


(ftll)  Tbe  final  fomiiila  rcsulla  fi'MH  the  ppoponiion 

FAE:CDE::  A1?:ED*. 

(513)  Since  triaosIeB'wUicb  have  an  aag\e  in  oacli  equal,  are  u  the  produeLio< 
tbe  aidei  about  Hie  ei\\xa\  angles,  we  have 

ABE  :  CDE  : :  AE  X  BE :  CE  X  DE. 


ADE^l.AB'. 


sin.  A ,  eia,  B 


BE=AB. 


Bin,  (A  +  B)" 
ain,  A 
Ein,  JS' 


AE  =  AB. 


Bin. 

eia.  CPE 
ain.  DCE' 


Snbatitutiog  these  toIucb  m  tliD  preceding  proportion,  cancelling  the  common  ftc 
tors,  oWrvIng  tlial.  sin.  (A  -(-  B)  =taa.  E.  multiplying  extcemea  Kad  me&tis,  an] 

^"2. CDE. ein.  DCE\ 


DE 


ODE  J 


Tlie  Stit  forcnitla  is  n  cDiiBequenca  of  tlio  expresBion  fur  llko  nru  a 
tiiangle,  glTeo  in  Lho  firet  parBgrapb  of  tbe  Nolo  to  ArL  (60). 

(S17)  Tiio  reuiona  for  the  opcratioda  inlhia  article  (whiali  are  of  rerj^  frequenL 
accnrruDce),  ere  Bclf-eTident. 

(61§)  Tha  eipresiioQ  for  DZ  fallows  from  Art.  (65),  Nota  The  proportion  id 
tbe  nest  paragraph  eiiata  becd,u.E6  trinJi^Ios  liAviiig  the  Earns  nltituJa  mr^  lu  their 

(510)  By  wnatrnetico,  GPC  =  the  r«<]uircd  cooteni  ^W,  CPO  =GDU  einet 
Ilie;  luiTe  the  eacne  'haao  and  cqnul  oltitadca.  have  ngir  to  prora  tluU 

LMC  =  GDC.  Theao  two  triangle*  have  a  common  angle  at  0.  Heuoe,  liiey  an 
to  eacli  oUier  oi  Che  rct^taoglea  of  the  adjacent  BtAea ;  1  c, 

GDC  :  LMC  ::  GO  X  CD  ; :  LC  X  CM. 

Here  CU  ii  nnknovn,  and  must  be  eliminated.  We  ohtaia  an  expruaioB  Ibr  H 
by  meani  of  the  aimilar  triangles  LCM  and  LKP,  y/luch  give 

LE:  LC  : :  Er=CD:  CM. 


AfP.  B. 


For  Pari  XI. 


CD  X  IjO 

Hence,  CM  =  - — i-rr~-    SubatituCing  tliia  rilue  of  CU  in  tbe  &ttt  praporUoii, 

ncd  nkOcellicg  CD  m  tha  kit  Lira  terma,  w«  get 

GDO :  I^C  : :  GC ;       !  or  GDC  :  LMC  : :  OC  X  LE :  LC. 

LC  =  (LD  +  nC)'  =  LH"  +  2  LH  X  HC  +  HC. 
But,  by  Mnatrnation, 

LH'  =  IIK» = Hi?-  EK« = HP-  EC = (HE+  EC)  (H  E-  EC) = HC  <HE-  EC). 
Alaa,  GC  =S  UC;  nnJ  LE  =  LH  +  HE. 

SnbatUating  (Iicse'  ^aluea  ia  llie  Ift«t  proportion,  it  becomes 

GDC  :  LMC  : :  2 .  HC  (LH  +  HE) :  HC  (HE — EC)  +  2  LH  X  HC  +  HC. 
: :  a  LH  +  £  UE      :  SE-^  EC  +  2  LH  +  HG 

;  HE— EC  +  2  LH+  EE  +  KC. 
:  2  HE  +  2  LH. 

Tbe  last  two  terms  of  tliis  propertion  ore  thus  proved  to  be  equal.  Tlierefare.  Iho 
firat  two  lenns  Me  also  equal ;  i  c,  LMC  =ODC=  Ihe  required  content. 

Bince  HK  =  ^  (HE* —  ES^),  it  bate  b  negative  its  well  ab  a  pMiliv^  vnltii^. 
It  niij  tlicreforB  be  set  dif  in  the  contrnrj  direatioa  from  I«  i.  e.,  to  L'.  The  hue 
drnwt)  rrom  L'  tliroo^li  F,  uiil  mcetiag'  CQ  produced  beyond  B,  will  part  oS  an- 
other  triangle  of  the  requir«<]  con  tent. 

(530)  SuppiisB  tbe  line  LM  dinu-n.  Then,  by  Art.  (65).  Note,  the  required 
cantcBt,  J  ■  CL  X  CM.fin.  LCM.  Thia  Mctent  will  aUo  equal  ibeBum  tii  llm 
two  triangles  LCP  »iid  MCP  ;  i.  e.,  «  =  ^  ■  CL  X  ^  +  1^  -  CM  X       The  first  ul 

*  c 

these  cqualioDj  giFni  CM  =^77 — - — 7777,.    Substituting  tbu  in.  the  aecond  eqnn- 

'  =  '^^+cl.2lcm- 

Whence,  )  p ,  CL" .  iin.  LCM  +     =  c .  CL .  sIil  LCM. 

TreMpoainff  and  difiJjog  by  tbe  coefficient  of  Cb".  we  get 

CL'-i-^CL  =  

P 


p .  Mia.  CLU' 


p      c  p.  sin.  LCMJ 

If  tiib  ^yen  point  U  ouUhtr  uf  <hc  liiiei  CL  and  CM,  coacciTa  the  deurcd  lino 
ill  be  dmwti  fi'otu  It,  and  nnolhiir  Uue  to  join  the  g^ven  pobt  to  lijs  comer  of  (he 
fit'lJ.  Tiien.,  as  aliove,  gel  exprfi^iona  for  the  1w*  tmnglea  tliii.i  fo-nne-d,  mJ  put 
ikcir  glim  eijual  to  tKe  expri'S^ioti  fur  the  ttiunf^Is  wliicli  cuinpndiCDda  lliuta  botli, 
and  Ihencc  deduce  (be  de«ircd  distance,  ueorlj  aa  above. 

(S22)  The  dilfereiue  A  between  tha  nreas  parted  off  by  tha  gue§i  line  AB,  and 
Cho  rcijitiired  line  CD,  i«  equal  to  the  differeace  between  the  triuigles  AFOand  BPD 

Bj  Art,  (ej),  Nele,  tbe  trianslo  APCsi-AI"-*'"'     ■  ^ 


Kmilarl;  tbe  (risogle  BPD  =  J  -  BE" 


■in.  (A-f  F) 

ain,  E .  sia  P 
wi.  (B  +  Fj' 


.-.  rf  =  J  •  AP* 


sin.  A  .iin,  P 
6ia.{A  +  P)  ■ 


■  iBP» 


nn.  B .  iin.  P 
tin.  (B  +  P> 


DEnONSTRATIOAS 


\_KTr,  p 


By  the  eiprMaion  for  lEn.  {a  +  b)  [Trigonometry,  AiL  (S)],  we  haiB 

un.  A  .  Bin.  P  ,  slu-  B  .  eln.  P 


rf=i  AP*. 


■in.  A .  eM.  P  +  sin.  P .  <o9.  A 


■  i  BP*. 


sin.  B.  aoi.  P+  tin.  P.coj,  B 


DiyHiog  ends  friwtii'ii  by  ila  Diunerator,  anil  rem 6011)011  og  that  - — -  =cot.  a,  vt 


have 


1  AP" 


'  coL  V  +  cuL  A      Cut.  I'  +  tuL  B' 

Fer  conTen!«Dca,  let  p  =  eat  F;  ass  cqL  A  ;  and  £  =  cot  B.  Hie  above  «i^nitiim, 
vill  then  read,  nmUtplying  both  eidca  by  % 

AP»  BP" 

CUwin^  of  frnclions,  we  tiave 

2  Jp»  +  2  li^p  +  S  tiV  +  2  Aft = p .  A  P*  +  6 .  AP*  — r  .  BP*  —  1 ,  EF 
^Mupoiiiig,  diviiiiag  ibroughby  S  i/,  gnd  ecparatiag  inlo  factors,  we  get 
AP"  — BP-V        fe.AP"  — o.BPi 


.■.p=.-i(a  +  t>  — 


■)?  = 


■2d 


2 


If  A  =  60°,  cot.  A=i  n  =  0;  and  the  -txpTGEMon  redncei  to  the  simpler  ftim 

(423)  Conceive  a  perpendicular,  BF,  tc  be  let  full  frani  B  lo  iLe  required  line 
DE.    Let  B  rtprssent  Ibe  augle  DEE,  aai^l  th*  uokinjwn  nrgU  DBF.  Tin- 
BI>F  =  SC='-^;  una  lltcBcigleBEF^Ott"— (B-3)  =  00°  — B v  Art 

(86),  Note,  the  nren  of  the  Irioni-lo  DBE=i-  DE^  •  — %t£!L'  Ti^^?  '■ 

un.  (if Uiir iiJLiJi 

sin.  (Sr)°  —  3)  ain.  (90°  —  B  +  g) 
■in.  B 

S  X  DBE  X  Bin.  B 


HenCa,  DE*= 


^   _2X  DBE  X  sin.  B 

aia  (eo'''-S).>ia  {BO°"B  +  P]      coa.0.eo*  (fl — (T)' 


Now  in  order  thai  DE  tuny  bo  the  luiist  pofsible,  lha  dt-nDininotiir  of  Iho  Isil 

frncUun  luiist  be  the  grcntest  possiblif-  It  mav  be  trnDsfuriTi<>J,  Lv  th^  fonuullh 
co%  n  .  coe.  A  =  J  cos,  (a -|- fi)  +  J  .  coa.  {o  —  Ir)  [TrigfiEOUietrj.  Art,  (S)  J,  into 
4  CDS.  B  +  4  .  coA.  (B  — 2  d).  Since  B  ii  cunstnot,  tLo  voluv  of  Ih»  expressiain  d«- 
pendB  on  itt  seeiaid  toim,  andth&t  will  bo  the  gretteat  passible -frben  B 2  |S  =  0^ 
in  vhich  cafte    =  J  B. 

It  bonco  appears  that  the  required  liae  DE  perpend icalnr  to  tli«  lin«,  Bf, 
wLich  bisoots  the  given  angle  B.    This  gives  the  direction 'm  wbich  T>E  ia  to  be 

Its  starting  poiDi,  D  or  E,  iJt  fouod  thuf.  The  nrea  of  tbo  triangle 
DBE  =  ^  BD .  BE .  un.  B.   Eicce  the  triiuigle  ia  ijoscclea,  this  becomes 

DB£  =  iBD'.  sin.  B;  wheoco  BD  =  y^  (^^f)' 

D£  ii  obtiiDed  from  the  ezpressioo  for  OE*.  nhidi  become!,  making  i3  s  {  B, 

axMEXBin.B     ,         _  .  DUE.  sin.  B> 

I>E'  =  —  TObeacc,  DE  =  ^^-^  

COS.  i  B .  COS.  i  B  '  COS.  i  a 


iPF.  B.] 


For  PtTl  II. 


40* 


{99-1)  «  =  Talae  per  nQr«  ot  oae  portlun  «f  the  nai  S  ihat  of  the 
•tlier  porlka.    Let,  z  =  l]ie  iritllh  re-quired,  BC  or  AD.     Tben  tbe  valan  of 


BCFE^ 


I  a  X  ^^i:^,  mnd  the  tbIus  of  ADFE  =  fi  X 


10     '  10 
Tatting  iH?  Bum  of  lli«ce  «qaal  to  iLc  vbIud  reijairc'd  to  Le  parted  oft,  we  ottaiD 
value  required  X  tO 
aX  BE  +  6  X  AE  " 

(S35)  All  Ibc  cooGtruclioDa  of  this  arttcU'  dcpenit  on  ihe  r  qui  rule  ncj  of  trior.- 
gles  wliich  ham  equal  banc?,  and  lie  between  parollels.  Tlie  koglh  of  AD  is  de- 
lif^ed  (rotu  the  area  of  a  triuogte  being  equnl  tu  ila  hose  by  liolf  iu  attituda 

(SftT)  Sbce  tlmilar  Iriinglej  ve  to  «k«h  otlicr  m  tli«  iquarea  of  ibeir  liomolo- 
g<|^w  Hilea, 

ABC  :  DBE  :  i  AB' ;  ED' ;  wUbmc  BD  =  AB  j  /        =  aB  i/-^— . 

f      Jxlixj  Y    M  ft 

Hu  comtruotian  offig.  393  u  rounded  on  the  pro|vartjoD 

BF ;  EG  : :  no- :  BA ;  ^hea  BD  =  BO  =  V    A  X  BF)  =  BA  i/-^-^ 

(SaS)  Bjr  hypothesis,  A£F :  EFBC  irhenM  AEF  :  ABC  ; :  m  :  m  +  « 

m        AC  X  DB  m 


t>nd  AEF  =  ABC 


tit  +  n 


HI  +  n 


Alao,  AEF  =  j  -  AE  X  EF. 


The  otn^ai  lriuig[!e«  AEF  tuA  ABD  give  AD  ;  DB  :  ^  AE :  EP  = 


DB  X  AE 


AD 


■econd  exiweMiQii  for  AEF  tben  become*  AEF  =  \  AE 
Ihia  nith  the  other  ralua  of  AEF,  vg  havo 
AO  X  DB      m        AP  X  DB 


DB  X  AE 
Al>~ 


Equatiog 


ACXAUX 


m  + 


(330)  Id  Fig.  306,  tbe  tri.ingl«>  ABD,  DBC,  liBTing  the  uue  altitude,  are  U 
each  oilier  as  iheir  bsacj. 

In  tlie  nenC  pnnigraph.  wn  bava  ABD  :  DBC  : .  AD  :  DC  : :  ni  :  n  ;  wbcnco 
AD  :  AC  •.:  m:m+n\  and  AC  :  DC  iim-^n'n;  wheaco  Ihs  eipressiuni.  far 
AD  anl  DO- 

In  Fig-  8S7.  (he  espr«ew<m  for  AD  i»  given  l>7^lh«  propOirtioo  AD:  AC  -f  n. 

Similnrly  for  DtX  and  EO. 

(531)  la  Fig.  3dS,  concciro  the  line  EB  to  be  drawn.    Tlie  trinDf;1u 
AEB=£iABq,  hM'tag  Iha  «atn«  fllUt(i<l«  and  half  the  bu« ;  ood  AFD^  AEB, 
btcause  of  the  etiuiTakncf  of  iLe  triangle*  EFD  and  EFB,  viuch,  with  AEF,iiiak» 
up  AFD  ftnil  AEB. 
TIta  point  F  is  dted  by  tbe  niniilar  triangles  ADB  nod  AEF 
Hie  espreKixw  Tor  AF,  ia  the  Imt  porngraph,  ii  ^vea  bj  Che  proportioa, 

ABC  :  ADF : :  AB  X  AC  :  AD  X  AF ; 


whonn. 


AF  = 


AB  X  AC  ADF 


AD 


ABC 


_AB  X  AD  m 

m  +  f> 


AD 


(ftS2)  Tlie  area*  of  truiigle«  being  equal  to  llio  prodncb  of  their  altitoiJea  by 
naif  their  baM*.  tlie  o>ii*lruciiwn  ia  Fig.  389  and  Fig.  370  follew  therefrom. 


(533]i  In  Fig.  S71,  toneeive  llifl  line  BL  to  be  Jrnwu.    The  triangle  ABL  will 
Iru  II  tliir-d  vl  ABC,  linviii|{  tlm  eiuie  nititude  and  vDv-llilrd  the  base  ;  uaJ  A£D 
equimlL-nt  lu  Alilj,  because  BLB  —  ELD,  Hod  ABLin  common  to  boLli.    A  eiinilu 
l-rtifif  Bjipliea  to  DCG. 

(331)  In  Fig.  all!,  the  four  smaller  Iriitnglej  (ir«  mutuallj  ei^uiralent,  buirBuM 
i>!  ikfir  cijUfU  baaa!  and  altituile^,  Iwa  fairs  uf  lliem  lying;  bcLweea  p^slollEli. 

(535)  III  Fig,  3"3.  concuive  AE  tn  ilrjiwn.  The  trinngla  AEC  =  ABO, 
baving  tliu  tame  altitiiilo  nOd  lislf  tUe  bn«e  ;  aatl  EDFO  =  AEC,  because  Qf  tbc 
CDianiuD  part  FEO  and  the  equivalcDcy  of  FED  anil  FEA. 

(536)  In  Fig.  ST'I,  in  additiun  ti>  tho  licias  used  in  Ibe  prublciu,  druw  UF  nau 
DO,  llie  trinngb  llFC  =  ^  ABC,  liaviog  ibe  same  altiluJ-o  nnd  lialf  ILe  base 
AImi,  llio  trinngle  DFG  =  DFB,  becauji?  of  llis  ]iiirnllels  DF  ami  DG.  Adiliogr  DFC 
to  I'adi  of  tlien-e  IriaiiglM,  wa  hava  DCG  =BFC  =  i  ABC.  W^a  Lnve  tlien  1o 
prove  LMC  =  DQQ,  Tbi^  la  liirn^  prccisply  as  in  tlic  dcmonBt ration  of  Art.  [Sl^X 
page  402. 

(33T)  Irtt  AE  =  j-,  ED  =  ,T(.  AH  =i',  HF  =  !<',  AK  =  a,  KG  =  6. 
Tli,o  ■qiindrilatei'nl  AiFDE,  equiTnlent  to  |  ABC,  but  wiiich  we  leiiS  represent 
gvucrolly,  by  m*,  is  tuadi.-  iijt  of  the  trintigle  AFH  nuil  llii^  ti-ape'2'oid  FlIKD. 

ATH  =  I .  !('y'-         FEED  =  1    -  r')  (>  + 
.-.  A FDE  =  m^--=i-  X'/  +  i  (i —a-')  0/  +  !/')=  i  ^  (y  +  i*')  —  1  'V 
TTia  iitiiilar  trinngli!!,  AUF  Hud  AKB,  give 

6*' 


d  :  6::  y :  y  =  — . 


SubttituLiDg  lliU  value  of  y'  in  Uie  expreaaion  for  ni',  ir-t  liars 

,  ,     a(2Bi«— IV)    AK  (JABC  — AEXED) 

'  =  =  KBXAJi-AKxED- 

Hie  rermuln  U  g«D«ral,  "wbateycr  niay  be  tbe  r«lLo  of  tlic  Drv&  in>  Lo  tint  dI 

th«  IrLiingle  ABC. 

(S38>  In  Fig.  Sle.  FD  ii  a  line  of  division,  bocnn^e  BF  =  the  triingle  BDF 
divided  by  half  its  altitude,  vbieb  giv«s  its  Irose.    So  fi^r  the  ollitr  triaiigl^i. 

(330)  In  Fig.  STT,  DG  is  a  cccond  line  of  division,  beenuse,  dniwing  BL, 
Itiniigla  BLC=  J  ABC;  and  BDGC  i»  ef^nivalant  to  BLC,  bc-enuae  of  ilio  common 
piirt  BCLD,  aod  (he  equivAkncy  of  tda  triangleft  DLG  n-nd  DI.D. 
.  To  pn)T«  tlimt  DF  is  a  tbird  line  of  difiaioa,  j'jiu  MD  and  UA.  Then 
BWA=iBOA    FzoraBJaAtukeMFAnnd  odd  its  equisul^nt  MFD,  and  ire  havf 

MDFB  =  i  BGA  —  ■}  ( ABDG  —  DM)  =  ^  (1  ABC  —  BDO)  =  I  ADC  —  i  BDG 

To  MDFB  Add  MDB,  nnd  udat  iu  eqniv&lent,  |  BDG,  to  tbe  ftber  fida  of  the  eqtw 
lion,  and  ^va  hayc 

MDFB  +  MDB  =  i  ABC  —  )  BDG  +  i  BDG ;  or,  BDF  =  i  ABC 

(510)  In  Fig.  3T8,  llio  trinnglo  AFC  =  ]  ABO,  linking  tho  same  baM  ud  on^ 
third  (be  sllitude.  Tbe  triniigl«'i  AFB  and  BFC  are  i^quivft-WuC  to  «jieb  other, 
eacb  being  compodcd  uf  two  triangliiB  of  «qvul  tue;  QDd  altitudetj  nnd  «acb  If 
^ereforo  sne- third  uf  ASC 


tVF.  B.] 


For  Part  XI, 


la  Tig.  319,  AFC  :  ABC  :  r  AD  :  AS ;  ftioeo  Ihw  two  triAoglu  bare  tltd  <oininaa 
AC,  nnd  their  nltiludca  arc  in  tliii  abora  ratio.   Sa  too,  BFC ;  ABC; :  QE> :  BA. 
HcDce,  ttie  remiuDlng  irioogk  AFQ  '.  ADC  ; :  DE :  AB, 

^511)  By  Art.  (6C).  Hole.  ABC  =  j  AC  X  CB  X  lia.  ACB.  But  llie  mi^U 
ACB=ACD+DCB  =  K180'— ADO+H130°— CPB)  =  180'— i  (ADC+CDI!|. 
Hence,  ABC  =  i  AC  X  CB  X  wn.  i  (ABC  +  CDB)  =  i  AC  X  CB  X  tin.  i  ADR 

Let  T  =  DA  =  DB  =  I>a  Since  AB  is  the  dioTi3  of  ADB  lo  tlie  railitis  r,  and 
ttiiTBfafn  cijiiiU  to  Vwim  Uie  sioe  orhalf  thnt  angk,  we  have 

^n.l.ADB=45:  when«.AB0  =  iACXOBx|?;«dr  =  ^H^yf^ 

AUo,  BiJice  the  taHA  oi  iath  of  t1i6  three  »tiKiH  trinnglfci  e^oaU  lialf  the  pToduct  of 

th-e  two  equal  eiJes  ioto  tliQ  cme  of  the  iucluJeil  aogEc  at  D,  these  liiitnglca  'will 

ba  Co  endi  olbcr  na  the  ilnea  of  those  atiglct',    TIjc-bq  angles  ace  fuunil  ihua: 

AB  RC  AC 

wn.  t  ADE=  —  J  tin.  }  BDO=—  ;  tia.  i  ADC  =  — . 

(512)  The  forraaUs  in  ihia  article  He  obtaineJ  iby  suUatituting.  in  ItiMe  of  Art 
(028).  fnr  ihv  Irinngle  DB^  iu  equivalent  -^^     ^-  X  1  AB  X  BC  X  bIu.B. 

BD  tLc  boooni^  =  |/{-^  .  ^?%'!r^)  =  /(    «    XABxBc)  ; 

r  \w  +  »         wtt.  B       /     »   \in  +  i»  /' 

Dud  DE=  Z=:i2l^,  XABXBO). 

(5  43)  The  Hild  &nd  esaniple  prove  thoini«lT(i& 

(944)  Id  Fig'-  3:83,  <0DceiT6  the  fij^B  AB  bdJ  DC,  prodated,  iomeet  in  mua 
point  P.  ThoD,  by  reuMn  gf  tli#  nuiikr  triwiglw,  ADP  :  BCP  : :  AC  :  BC, 
irhBDc^  by  "diriBion,"  ADP— BCP=ABCI>;BCP::  AD*— BC:  BC^ 

In  like  manner,  conip*tlDgEFPnndDCP,  we  get  EBCP  ;BCP : ;  EF*— BO :  BO 
Combioiag  Ibeie  t^o  projwitloEig,  wc  hitve  * 

ABCD  :  EBCFr;  AD' —  BC  :  EF-  — BC; 
or,  wi  +  «  :  M  : :  AD'  —  BC  :       —  BC. 

Whanoii,  (m  +  w)  Ef  —  m.BC.— n  BC  =  m.  AD*— m.lJC; 


.^^   //,.tXAP'  +  »xBCV 
r   \  m  +  n  J 


m  +  « 

Al«(^  from  UtA  nmiUi!  triaogles  formed  by  drairin^  BL  parallel  to  CD,  we  luva 
AI.  =  E£:.BA.EE  =  5^^=:^niri^ 

ax..        ,  .     a  .  ^  AD  —  DC 

fS45)  Let  BEFC  =  -^  -  ABCD  =  n;  lut  BC  =  i ;  BH  =  '<-.  and 
^       '  111+ « 

AD  —  Be=i!.  Alio  lctBG=7;  nnd  £F  =  y.  Dtjiw  EL  jmrallol  l»  CD.  Bjtim- 

il*r  uUaglei,  AL:£E  ::  BA:BE  ::Bn  :  DC;  or,  AK- BC  :LF-BO  - :  BH  ;B0; 

\.n^m'.y  —  b::A:x;  whenea  i=— it-- — . 


DENOKSTRATIOSS. 


6ub»tJtuling  tLIg  value  of  ji  in  Uie  espreHsioQ  for  x,  »n<i  reducing,  we  obtniu 

,  2  U        2  (lA      ,  ,  6ft  ,      //2  aft  ,  i'A'  V 

X  ■ — -x  =  -  ;  wbocice  wc  have  ar  =  — ^  ±  i/  I-  +  — —  |. 

c  c  c       Y    \  £  f 

The  second  proportion  nbore  giveB    —  6  =     ;  whence  y  =  i  +  7-  • 

Bcpliging  th«  BJHibola  by  %]ieif  liftos,  Vit  get  tte  formulM  in  tlie  text, 

(5-l«)  ADEF=  i  ABCD.  But  ABRP  =  ABTIF,  becBueo  of  Uie  common  part 
ABRF,  and  tho  trianglea  FRPnrd  PRE.  which  make  up  tlie  two  fgurea,  and 
wbicb  are  ei^aivalout  biMtauBS  of  Uie  piiriilluli  I'K  sod  FE    So  fur  Um  oLlt«r  parth 

(5-17)  Tli«  truth  ef  the  fMt-nete  i«  cvideat,  tiaw  tlie  iiret  LUecta  tbo  tra> 
pcEiiihl,  and  any  oilier  lino  drairn  Llirough  its  middle,  and  meeting  ibc  parallel 
■ides,  iidds  oni^  triaiigle  Lo  each  half,  aud  takes  away  an  ei^ual  Iriangle  ;  and  tliui 
.dcieiDot  dijlnrb  tlie  equivalaDcj^. 

(5^8)  In  Fig.  385,  since  EF  id  parolU'l  to  AD,  we  huve  ADC  ;  EGP:;  Oil" :  QE=. 
EOF  is  mndd  up  of  lhi>  ttiiui^U  BCG  =  u',  and  lljia  quaOriklcrnl  BEFC^ 

— ~ —  •  ABCD  =  — ^ —  ■  (n  —  a').    Hence  the  aboYO  proportion  ItMomeo 


u  ;  «'  +  — {1—  a)::  GH';  OK":  or. 


(fli  +  b)  a  i  fflrt  +  no'  : :  GIP  :  GK' ;  whence  GK  =  GH  A/iT'tT'i  ■ 

G 1C 

OE  is  given  by  Uie  proportion  GH  :  GK  : :  G  A  :  GE  =  GA  .  — . 

la  Tig.  3S6,  the  diTiei'Oii  into  p  paiia  U  founded  on  tlie  Btaaa  principle  Tbi 
Irinngle  EFG=OBC  +  EFCB=  a'  +  y.   Now  ABG  :  EFG  7:  AG«  :  EO»; 

or,      o'+Q:  a'+ -:;  AG*:  wheneo  OE  =  AG'l/  (  J. 

p  '  \fl+Q/ 

2  Q 

GL  ii  obtained  by  taking  the  triangle  LM.G  =  a'  -f*  —  I  *nil  ^  'or  the  rot 

(553)  Iq  Fig.  BOO,  join  FC  uniGC.  Emuuso  of  tliq  pnrnir^ia  CA  and  BF,  lU 
triangle  FCO  will  be  trq^uiTaletit  to  the  qnadriUtcral  A  BCD,  of  wliich  GCD  will 
tburcfore  be  one  half  ;  and  becaase  at  th>e  parall^U  GE  and  CH,  EUDO  will  be 
equivalent  to  OCD. 

(SS3)  Id  Vig.  SQl,  by  drawiog  cert»ia  Ixo«h,  th«  qiinJriktffral  can  Ve  dividtit 
into  tbree  equivoli'ut  parts,  each  ciiDipoictl  of  a.n  e-quitalent  trnpesuid  uiJ  an 
equivalent  lilingla  Tlie^^e  Ihme  equivfllent  pnrU  cud  (hen  be  trnnafonued,  by 
mcftDg  cf  the  puruUcls,  luto  Uic  tlirea  equivoleiit  quntlrilaternh  ehnwii  in  the 
figure.    Tlie  full  dcTclupmeut  of  the  proof  is  left  m  an  eieTOBe  for  tlie  nludfaL 

In  Fig.  S03. 'iraw  CG.  Tlien  CBG  =  M^CD.  ButCKQ=COQ-  Thwfcw 
CKtlB  =  J  ABCD.    Bo  for  llie  olLcr  division  Una. 

(55C)  The  division  of  (bo  bnse  of  tho  equivalent  trinngle,  djffiil«s  the  pol^aa 
■tmiUrly.  Tbe  poiot  Q  reaalts  froia  tbe  «qilivateney  of  llic  triMiglet  ZBPand  ZBC^ 
PQ  being  pnTollel  ta 


APPETTDIX  C. 


niTEODncTioir  to  letellino. 

(1)  The  PrInciplCSt  Lktixu.\>o  u  Ibc  srt  of  finding  how  much  one  pniut 
u  liiglipt  M  lowi^r  Uinn  another;  I  e„  how  much  one  of  the  poinU  u  above  or  hebw 
A        Un«  or  nnrfare  which  jutsiis  thr>ciiigh  the  other  poiuL 

A  levrl  <tr  horUonfal  line  it  ooe  w]ii<:b  U  (ierpcii<iiculBr  to  tlic  direction  of  gnr- 
itj',  OS  iodicatcd  bj  n  pluuilf-IiDc  or  dinilar  meftnii.  It  la  tliflrefcre  pRrallcl  to  th« 
iurffiee  of  standing  wnier, 

A  Imrl  or  horitoatol  ntrfixa  is  ileGned  in  thi>  biiid«  way.  U  vtll  1m  determined 
by  two  level  line*  which  intersect  each  other." 

Levelling-  may  hfl  nnm^d  VE«T<c»t  Si;btkvi>o,  or  Up-md^do'cn  Surwyinj' ;  Oi« 
Hubjeet  of  the  preceding  pages  being  Ifojisoittal  Sunirtfmg,  or  Righl-and-iejt  iind 
loTt'Ond-Gft  Surwei/iHff, 

All  the  niQtliodt  of  Uorixontftl  Surreying  may  be  used  in  Verlical  SDrrejing. 
Tli«  one  which  will  be  briefly  tVctch«i)  han  totte^^a-ii  precisely  lo  the  mclliod 
of"  Surrey  ing  by  offeels,"  founded  on  (he  Sacoud  Metliod,  Art  ((1).  "  ll^etanguloii 
Co-ordioatea,'"  and  fully  eiplaio'ed  in  Arts,  (1 14).  dc 

the  operatioci  of  l«T«!lling  by  Ihii  method  coDtist.  firsliy,  in  obtaining  ■  lavd 
Hoc  or  place  ;  Bad,  secondly,  in  mensiiTiDg  how  fnr  below  it  or  aboT4  it  (osiully 
thd  former)  are  th«  two  paints  whate  ri!lativ«  heighU  ore  rcijuircd. 

(3)  The  ]nstruiiiciil».  Akre\  vig.-as. 

line  nuij  be  oblained  hy  llia  folluwing  ~^   [  

aLmplfl  inatniinenl,  caUed  &  "  Ptumb-iiM  i 
ievet"     Faetcn  together  two  pieoa*  of 
wood  at  right  angles  (-0  each  other,  fi<i  S4 

Id  niaka  a  T,  bqJ  draw  a  line  on  tho  up- 
rit;lit  one  lo  as  to  be  exactly  perperLiIicu- 
Ur  lo  tlie  top  «dgo  of  the  other.  Su'-pMul 
D  plumb-line  ns  ill  the  li^ra.    Y\x  xha  T 

against  a  staff  stuck  in  the  ground,  by  a  L  . 

ecrew  thtougli  iho  middle  of  ihu  crnss-  . 

jiicec.    Torn  the  T  till  Ibe  plurabtioe  |i 

exactly  coT«ri  the  line  which  wss  drawn. 

Tiicn  wili  the  apper  edge'  of  the  crof*-piM6  be  a  \etA.  lin^.  and  llie  eya  eati  sight 
DcroM  it,  and  note  Low  far  «boTO  or  b<:I<^w  any  vtilicr  puint  (his  lew]  line,  prv>- 
lo-Qj^ed,  M'ould  strike.  It  wiSL  bo  easier  lo  look  acruM  ai^Lts  Gxed  on  each  ead  a[ 
the  cro&s-piece,  mailing  ihem  of  horsehair  strcLoJied  ncross  a,  piece  uf  wire,  bent 
■ito  three  eide«  of  a  cquare',  and  ituok  iritacach  end  of  tJie  crois  piece  ;  taking  eara 
Ihtt  tlie  hail*  are  at  iixActly  eqtiitl  hcightt  abov^  the  upper  edge  of  tbe  croAi-piece, 

*  CWrtxIn  ama]^  enrr«ctldfiA,  to  hernfter  uptdlntd,  will  La  I^ara4  fg<F  Dw  pTtHDt>  Sod  W4 
Win eMatdar :«T<I  llaiau  itnifhl  11dm,  h J I<it«1  larfMH  u  ptuiej. 


410 


A  mo^lficataDn  of  this  is  to  foeten  a  commoii 
carjicjitor't  eqiiure  in  a  till  ia  tlie  Lop  of  a  stuff, 
by  meaoB  of  a  ecrev,  sad  tboa  tia  a.  plnmb-Iine 
at  ttie  atigla  eo  that  it  may  hing  be&ide  aat  bkil 
WLca  it  tiH4  been  brcugbt  Ui  do  sir,  by  tumtng' 
iiie  square,  tlien  the  oLUer  aria  will  be  IctcI. 

Ati«l1ior  Bimjik  iiutruiiiept  dependj  upon  tbe 
vrimajjU  ibnt  water  slwnyt  finds  ita  leTeU" 
correspoftding  tlis  Etcqucul  pnrt  of  our  ilefini- 
lioQ  of  a  level  line.  Ifa  tube  be  bent  up  ai  each 
end,  ani-l  nearly  filled  with  water,  llie  aurfaee  of 
the  Tatar  in  one  end  will  always  be  tit  the  tnTna 
bright  as  (b&t  in  tho  other,  howcTer  Uis  poiitioQ 

of  tbe  tube  mny  vary.  On  tlii<i  truth  dL'pcudi  llie  "  Waler-Uvtt."  It  may  b« 
cuily  cvnitructed  with  a  tube  ot  tin,  lead,  copper,  Ac,  hj  heniliiiff  np,  at  right 
angles  an  inch  or  two  of  each  cod, 

nnd  BuppoFting  the  tube,  if  too  Plg.4ii. 

fh^Ue,  OD  a  woDclen  bnr.  Iti  ihofs  ^ 
enda  cement  (with  puUy,  twino 
dippflnl  in  wliitu-lead,  lliia  phi- 
als, WJlb  their  bottotna  brolien  ofi^ 
eo  lis  to  leave  &  free  coTniniinicntiaa 
between  tliein.    FLU  t]i«  tube  and 

the  phinla.  nearly  lo  their  top,  with  eolorfd  water.  Blue  Tilriol.  or  cocSiineaU 
may  be  usad  for  colc>nDg  it  Cork  their  tnonths,  nod  £t  the  JDStrumpot,  by  a 
ateadj  hut  fl.>aih!e  joint,  to  a  triptid.  Figures  of  joint*  a«  given  on  pag*  18*,  anil 
□f  tripoJa  on  page  133. 

To  use  it,  Bet  it  in  the  desired  apot,  place  the  luLe  by  oyc  nearly  lerel,  remove 
tlie  corks,  and  the  surfaces  of  the  witt«r  in  tlie  ivo  pLiuU  Tvill  come  to  llii!  aaiii« 
lereL  Staud  B.bout  a  yard  behind  the  nearest  phial,  mA  ict  one  eye,  the  other 
bein^  clo<Kfd,  ^iiknt^  along  tli^  tigbt-ho-iLd.  side  of  one  |'4iijil  aiiJ         Itft^b&tid  sijd 

of  the  other.  Raise  or  lower  the  bead  till  the  tw-i  surfuceg  eeem  to  coincide,  aad 
tills  line  of  stgbt,  prolonged,  will  give  the  Itvcr  liae  desired.  Sigbta  of  equal 
height,  ftoaling  on  the  water,  and  rising  above  tbe  tops  of  the  phiate,  would  fpn 
D  bettcr-dc< lined  lilns. 

The  "A>fnf-/et'ef'  eD3.«i->l»  (we^tin-Uy  Tlf.4)a 
of  n  curred  gtase  tuba  nearly  fUcd  Avitb* 
nlcflhdl,  but  with  a  bubble  of  air  UfE 
within,  whiirli  silwoya  sceka  tlie  liig;hvst 
«put  in  tha  tvhe,  nnd  will  therefore  by 
iia  move-TBents  indicpte  any  pliange  ia 
the  positiou  of  the  tube.  Whcnevor  the  ljubhie,  by  raising  or  lowering  ona  mi, 
bus  lK«n  brought  to  alnnd  betwei>n  two  marks  on  the  tuVi«,  or,  in  case  of  «p*IV* 
■ion  or  coDtrii«Lion,  to  extend  an  equal  distance  on  eithvr  aide  o{  lh«tn,  the  ballom 
of  tho  block  {if  tbo  lube  be  in  oue),  or  sight*  nt  eaeh  end  of  tho  lobe,  previon^y 
properly  adjuiteJ,  wilt  ho  on  tb^  sacoe  lerel  line.  It  oifty  be  placid  on  a  board 
fixed  lo  the  top  of  a  slaCf  or  tripod. 

"Wbeo,  icislead  of  tliB  sighl<,  a  tdewopo  ia  made  pfirjilK-l  tn  the  leTel.  and  vort- 
evi  flsutriTances  to  incr^aie  ita  delicacy  and  B«eurncy  nre  a(ld«d,  the  tnstmBi«et 
b*ooinea  tb«  EDginuer's  Bpirit-le*eh 


IFF.  C] 


Tlic  Praellee. 


(31  Tlie  Prncticc.  By  vlijcliever  (if  thcBC  Turious  menu  D  li^vel  Ilea 
hai  been  olituiued.  ibe  sulnfequcQt  operationa  la  making  use  of  it  »re  iUenticoL 
HjDca  ttio  "  nnler-lisrer  h  vnsUy  made  and  tolersblj  Bccurato,  w>e  will  tupfioM  it 
to  ba  emploij-oii.    Let  A  nnd  B,  Fig. 

419,  r^pr^^ept  tile  tWD  poltili,  the 

iitCerenua  of  the  lieigbta  uf  wLIch  is 
ruquireJ,  Bet  the  instTumcnt  on 
any  spot  from  wliidi  both  _lLe  points 
Rid  be  ceer,  antl  st  sath  a  h«ight 
(.bat  the  line  nill  paw  abora 

tbc  higlieat  one.  At  A  let  on  oniet- 
ani  bull]  a  rod  grAdiiat«d  into  feet, 
Uniija,  Aa.  Turn  the  ioatruDieat  to 
wiirda  tbu  BtaH^  ilglit  nlung'  tiie  level 

linii,  and  Dote  vlifit  divition  on  tbe 

ptofT  it  Btrtkea.  TI)«d  eeod  tlie  stiff' 
ti)  B,  diri^ct  iJie  instriiinent  lo  it,  ajid  nolo  tlio  Ijeigbt  cibuTTcd  nt  that  point.  11 
lite  level  line,  (irulonged  hy  xbe  uye,  piL<si!B  2  fpet  ulxiFe  A  qdi?  Q  feet  above  ft.  the 
(Jiffgnnctt  nf  their  Ut'iijlits  it  4  fatii.    'Iha  abtolalt  hci|;Ut  of  tlie  Itvd  lirv«  itMlf  is 

n  matter  of  indifTerDUC'e.  Tile  rod  may  cbitj  a  target  or  plato-  -uf  irpti,  GlsBp"'!  to 
it  so  n»  lo  felide  np  Bod  down,  nnil  fixed,  st  vill.  lliia  target  may  \m  rnrioiisly 
poinltd,  most  mriiply  with  its  upper  Wfreil  nod  its  lower  linlf  while.  Tiie  liori- 
conlaE  liue  dividing  the  colors  ii  Ibe  Vma  figbted  to,  tbe  tnrget  b«in^  mured  up 
or  Jowti  liU  tUc  line  of  si^bt  BtrikM  it.  A  hivio  in  Ilia  middle  of  the  lurget  bIiows 
vLat  division  on  tlio  toil  roincidca  vritb  tlie  boriiioitljd  line,  t»lifn  it  has  Wnn 
liroijglit  lo  the  rigbt  licigbt, 

If  the  heigbit  of  uDotbei  point,  G,  Fig.  4'it,  not  vUible  from  tbo  first  ftCuLion,  li» 
T'l^iiired,  set  the  inatrumeut  «>  u  to  sea  B  Rod  C,  and  proceud  exactly  a«  with  A 


Fig.m 


and  B.  Tf  0  be  1  foot  b^loir  B.  ns  in  tbe  figure,  it  nlU  1»  6  {at  belov  A  It  rl 
Were  found  lo  bo  7  faet  atose  B,  it  would  La  8  foot  aboTO  A.  TliB  eoiiipiirati»a 
btigbt  of  a  aeriH  at  any  nnmber  af  points,  ban  Uiua  ba  found  in  Mferenoo  to  aiiy 
ooe  uf  tliem. 

Tha  begltiner  in  the-  practice  of  lorelling  mny  aiimritageou&ly  make  m  hia  note- 
book a  sk-olch  of  tbt  beigfaU  noleit,  and  of  the  diitaneei,  putting  dovn.  each  si  it 
U  obierrftd,  and  imitating,  as  nearly  aa  his  aecurncy  of  ey%  will  permit,  their  pro- 


porliuniil  dimensions.*  Btit  shen  (lie  -t.bHerviilion*  ar*  nuraerfini,  they  *hwild 
kept  io  a  tubuIsT  roFni,iueli  u  lIiAt  whicli  U  given.  IkIow.  Tlie  nnmea  pf  dm 
points,  or  " Statiofl^,"  wboae  Leig-lite  *Te  ddcnuadej,  are  placed  in.  the  firatcolamn ; 
bqJ  tlieir  hciglita,  as  finally  aaccrtaljiieil.  In  rcrerence  to  tUe  &rtt  point,  in  Uia  loit 
coluinn.  71:0  iieiiiliU  above  tlie  lUrting  piiut  oro  mnrked  4-,  and  those  b«low  it 
Bre  raarkcJ  — .  Tha  back-sigUt  to  unj  station  is  plaeed  ot.  lice  below 
finint  to  wliii'li  it  Tcrera,  "WLeo  a  baek-sigJit  exi;e«i]s  a  fgre-iigliti  their  difference 
U  jiUcciI  iu  the  culumn  of  "nise;"  wbcn  it  is  1g«b,  their  dilTerence  is  a  "FklL" 
TLe  fullon'ing  lalilc  icprescala  tha  f&iae  observation!  a»  the  latt  ligure,  utd  Ibcir 
rareful  eoinjiariEon  -will  explain  any  obMUTitiLi  io  either. 


Biclt-slEhlft 

Fore-slgliti. 

A 

fl.no 

£ 

100 

a.no 

d.oo 

-  4.00 

-  4-00 

C 

80 

3,00 

4.00 

-  1.00 

—  s.ao 

D 

40 

2.(10 

1-00 

—  4.90 

E 

10 

B.OO 

I.OO 

+  6,00 

+  1-00 

F 

CO 

S.O0 

6,00 

-4.00 

—  3.00 

1S.0O 

1S.00 

-  3.00 

Vie  iihovs  labia  ehnwit  tliAt  S  ts  4  ket  helaw  A ;  that  0  is  fi  feet  belocr  A;  Lknt 
B  ia  1  {out  above  A;  and  so  oa.  To  (eat  the  calcaiBtion»,  adJ  up  ihe  back-tighta 
and  f(jrc-»iglibj.    TiiQ  difference  of  tlie  auins  eboiild  t:<]ual  tliu  likst  "  total  licighL** 

Aaothct  furm  ef  the  levelling  fidd-lwcik  ie  yresBated  hv\t>w.  It  re^Qrs  ta  lha 
wire  etiilioas  and  Icveli,  noteii  in  tbs  previous  form,  and  bHoth  in  Tig.  420. 


BtttiODb 

Foro-tlEhti. 

A 

0.00 

B 

100 

2.00 

+  3.00 

6.00 

-  4.00 

C 

60 

S.0O 

—  1.00 

4.00 

-  5.00 

D 

40 

2.00 

-  3.00 

1.00 

-  4.0O 

E 

70 

a.  00 

+  S.OO 

l.Ofl 

+  1.00 

P 

CO 

2,00 

+  3.(J0 

COO 

-  8,«U 

te.oo 

18.00 

-  3  00 

Tn  the  above  iona  it  will  be  seen  that  n  uew  coluiun  is  inlraJuceJ,  ccntaiQing 
Ihe  nuight  of  Llie  Instrument  (Lc,  of  its  line  of  aiglit),  not  &baTe  Ihe  ground 
where  it  BUods,  but  ahoro  the  Datum,  or  *Liirting -point,  of  the  le.fela.  The  furmer 
Folumna  of  "Hiic"  slid  "Full''  are  otnitted.  The  abovo  Mtca  Me  tiiken  tbus: 
The  Leight  of  the  starling-point  Qr  "  Dutum,"  at  A,  i»  0,00.  The  iuBtruco*nt  being 
let  up  unci  IcTcUcd,  tbe  rod  ia  liuld  At  A.  The  back-eight  upon  it  is  3.(H) ;  ihere- 
fore  the  hoigbt  of  tht  infttriiniect  U  also  2.00.  Tiie  red  ia  neit  held  al  B.  TTio 
furo-eight  to  it  is  6.00.    Tliat  paint  ii  th«rvfor«  6.00  bi'Iow  the  inrtrument,  or 

2.00  —  6.00  =  — l.eO  below  the  datum.  Tlie  inatrunienl.  h  niiW  BlWiVed,  and  lig»m 
Mt  up, and  Ihe  bock  eisbt  to  B,  being  S.OOl  the  HLlnat.  ia  — 4.00  +  3,00  =  — 1.00 


*  Id  Ibe  Rpirr.  thalinilti  of  (lis  page  liiva  Enaila  it  ntecHuy  to  couDul  tti«  botiuiutal  dlMatM 
Ie  iin» Until  ortlielr  t>roiKt  pTapotUmial  ilu. 


IPP,  c] 


Tbe  Pracllce. 


■oJ  BO  on :  the  lit,  last.  Icing  always  obljuned  by  ailJing  the  bnck-aighL  to  ibo 
height  of  tbe  peg  on  which  the  ml  is  licld,  aod  tbe  hcigbc  oi  tli«  next  |ieg  ImoK 
ahtjiiDad  bj'  Bitlitrnctiiig  th»  fi>re-ught  tv  tli»  rod  beld  oo  tbat  peg,  fnm  the  lit  InK 

The  level  linn  given  by  those  instrumetita  arc  all  linos  of  apparent  levol.  iiiid 
nat  of  tnu  ieve\  which  should  curve  with  Ihe  lurface  of  ibe  evth,  Thcea  level 

ljDc?'S  strike  loo  bi^h;  tnt  t]i«  difference  ia  very  udilII  in  slijbla  of  crdiiuirj  lcn||;[li, 
Ijcing  CFiklj  onr-elgbtb  af  an  iach  for  Oi  eigbt  O'f  oae^cigblh  oS  a,  tnilc,  nnJ  ilimluUiirig 
ni  Lhu  equom  of  the  dbtance ;  and  it  may  he  comipletely  cumpcusnteil  b-j  netiiug 
the  instrumt^Dt  midwAj  between  the  poiiitA  wbow  differ«Dca  of  Ural  i>  desired;  a 
prMsution  which  ihould  tlwtjri  b«  tskcn,  wheo  po«iib]e. 

It  may  be  required  to  ahoir  od  paper  the-  upa  and  downs  of  the  line  wbicli  hna 
heto  levelled ;  aod  lo  repreiont,  to  any  deelred  scale,  the  heights  nod  dblaDcei  ul 
the  various  puinla  of  a  line,  ill  tw^^'nta  ind  d^Fenta,  flJ  teelx  io  a  tida^rie'tF.  Tbii 
ii  called  ■  "  Prnjili."    it  it  made  thus.     Anj  poLol  on  the  paper  being  OMuSned 

for  Ibo  lirtt  elfltion.  a  hnrixontal  line  it  drawn  IbrougL  it ;  tbe  diitbiLM  lo  tbe  next 
fttalion  ia  tacaaurcd  nlou^  it,  to  the  required  bcuIg  ;  at  the  tertnlnnlion  of  this  dift- 
l:iiice  8  veriieal  line  U  drawn;  and  the  givea  height  ofUie  eeoiDd  ilition  aboTe  or 
hi-Iuw  the  fint  i«  act  off  on  this  vertical  lice.    The  point  thus  £i«d  detcrmlDoa 

ihe  BscoqJ  ■latioti,  onJ  a  bne  jirlbiiig  it  to  the  6rat  stulioh  represents  the  alojM!  of 

ilie  ground  between  ilie  w<r.    Tbe  pioceu  ia  repeated  for  tbe  next  etaljon,  iLc. 

But  (lie  rijes  ai>d  fulls  of  a  lioe  arc  nlways  very  Bmrdl  ia  jhroportioD  to  the  dia 
laDccs  p9£&pd  over;  even  mcuDtjiina  being  merely  a<  the  roiigbnt^^Aes  of  Ilie  riad 
<if  an  orange.  If  iihedittance^  and  the  beights  were  reprc:geDted  od  a  proSle  lo  the 
viime  Bcnle,  tlie  latter  would  be  liardly  viailjle.  To  Boalre  tbem  more  spparent  it 
li  usanl  to  'exaggerate  the  vertic-al  Kslu'  ten-fold,  or  more ;  L  to  inabe  the 
representotinn  of  a  foot  of  beigbt  t«D  times  as  great  lu  thut  of  i  foot  of  length,  as 
in  Fig.  470,  in  which  ono  iach  represeoU  one  bundred  feet  f<ir  tbe  dixtaoces,  and 
ten  feet  for  the  hcighti. 

The  preCL'ding  Introduetion  lo  Leivelling  baa  been  mndc  as  brief  as  pouiibia,  but 
by  any  of  Ui«  aimple  insl  rumen  la -d-eacribcd  ia  it,  and  ellberof  iU  tabular  fvrms,  any 
pcrMiu  cnn  determine  with  t^ufliijical  precision  whether  a  tibtunt  spring  b  higljer  ur 
lower  than  bis  hou»e,  and  biiw  mncb  ;  as  well  as  bow  deep  it  would  be  neoesaary 
to  cut  into  any  inlctvcaing  hill  to  bring  the  water.  Ue  may  in  lilte  matmer  aaeer- 
to-iii  wtiirilieT  ^  swamp  <>an  be  dtuined  into  a  Deighbaring  brook  ;  and  cau  cut  the 
Duccseary  dit(b-;9  at  Jiny  given  slope  of  so  mnny  inches  to  tbo  rod,  Ac.  having  thus 
fnunil  a  level  line ;  or  be  can  obtaiD  any  other  desired  informBliDn  uliich  dependa 
on  tbe  r-elative  hieighli  of  two  points. 

To  eiploJo  thfl  peculiarities  of  the  mo-r*  «Ubor»tfl  leveUbg  in*tramciits.  the 
precautiuns  nFCt^sury  in  llieir  me,  tbe  preventioo  and  correction  of  error;,  the 
overcnniing  of  difficulliuti,  and  the  varioDs  complicated  delaila  of  theilr  applicalinnv 
would  rcr^uiro  ri  great  uumber  o[  pagei.  Thi«  will  tbercfore  be  reserved  for  an* 
Ather  Tulume,  aa  anaonneed  in  the  Prefiue, 
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APFESDIX  D. 


MAGNETIC  VARIATIONS 

tU  TEE  ITNnED  STATES. 

[From  B  Itepon  ly  C.  A.  SOHOl'T,  AuisUot  V.  8  Coul  Survt;].  See  Sillimaa'a 
jDumul, ll^y, ISdO, p.  3ib;  and C.  S.  Coost  StiiTe;  Kepart  ibr  ISSti.  App.  £4^  p. SH. 


\r,iiiidX.liidteala  Wait  and  Salt  DeellnaliM^  Th*t/ art  afctnhtlavi     Degrtt*  attd  laiO*. 
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By  papfyeniiieulnra-  282 

By  an  cqiiilaU'rnl  IriBDgls  .  SS3 
By  triau^latioD   283 


longed  ia  ]niur««Mib1«  . . .  SBS 
(41. 4)  To  pnilcmg  a  line  with  oa\^ 

BQ  aagitlar  inaLrumeDl.. .  ZM 


B.  To  inlcrpolali  poinli  in  a  line 

General  mettioil   28-1 

1!;  s  t-ncJom  liiia  .  ... .  2Si 

hy  Latitudtt  and  Dtport- 
wat,  wiLh  compaiM   2S0 


  £84 

{41§)  By  Lntitudet  and  DelMiH- 

ufci,  with  transit  Hi 

(419)  Ity  similar  Iriag^luB   2Sfl 

(4!C0)  13;  trmii^Ialioii  SSO 


rUAPTEK  III.   Obstacles  to  Itrfasarement. 

A.  Wften  both  end»  of  titt  tiar  are  aecfitible  , . «   !57 

(431]  Previous  meana.....,.,..         ]  (493)  A  brokeD  base  587 

(499)  By  trkogulation   2S7  |  (494)  By  angles  to  ItMva  points.  !BS 

R  Wktn  otu  e»d  tif  tAd  iini  i ■  xaaefruihli  °SB 


!49S)  By  perpendiculars  !S8 
496)  By  i-qud  anfli?3.   ESS 

(497)  By  Ifiniignlolion   58S 

(49$)  Wlien  one  p<>liit  cannot  be 
Men  from  the  other  .... 


(42d)  To  find  tlie  distance  from  a 
giren  jwint  to  nn  inaccra- 

jible  line, SS9 


C.  ITAfN.  AofA        of  thi  line  are  inaeecuiblt   !M 


(430)  General  metLod  

(431)  Tu  DietisDre  an  inaccessible 

iti^Iiinoe,  when  n  pjint  iii 
iU  line  can  bi  obUinidl , . 
(439)  TTIipn  only  one  point  can  bo 
funnd  iroiu  which  both 
ends  of  (Le  Uoe  caji  be 


2B0 


291 


4Bl 


(433)  Wlicn  nn  point  can  be  Tugnd 

frum  yshloh  both  enda  can 

be  iotn  ,  , . .  292 

(434)  To  interpolate  a  base   S9!! 

(435)  Front  ungivs  lo  two  poinLa,.  2113 
(43Q)  From  nngles  to  three  j«iat«  29:1 
(43T)  From  angles  to  four  poiclg,  21)4 
(438)  rrollcm  of  the  eight  poiDt» 


CHAPTER  IV.   To  Supply  OmissioDS. 

(439)  Geneml  itnltment  397 

(440)  Cabr  I.  WhrH  lift  frnplh  oral  (rfarin.^  of  nnj/  ont  *ide  nrt  vanting. . . .  2B8 
CuK  2.  H'hrn  the  length  of  oMt  liSx  end  Ike  b^arinif  of  atiollitr  art 

inmting   5S8 

(441)  Wljen  tbe  xlofimnt  udea  adjoin  each  olli-er  '^93 

(449)  Whea  Ibc  -dtfici^ot  e4dc»  are  Bcp&ratei  from  each  other  "OS 

(443)  Utherwiso;  by  clhitngine  tha  mcndiaa  , . ,  SS9 

CiM  3,  Whtn  tht  Imijthi  of  l\eo  tufa  are  mMinif   300 

(444)  Whra  Ilia  d^ficicm  eidoa  a<]join  vHcb  other   300 

i4  iH)  Wh?n  the  ■l«ti«iDiit  iidc^s  are  Bepamtod  rrotn  each  otb«t   SOI 

44fl)  Oth<>rM'i9c :  by  changiri^r  itie  iiictiUian. ...  ............. .  SOI 

Cut  4.  irAin  iht  Icar'tngt  'if  Itra  tideg  art  Kaniinj   HS 

.447)  WlicD  tlie  deticicnt  aides  adjcin  ench  oilier   SOS 

.  (44B)  When  the  defiei^nt        *ro  acpOMted  from  eadi  atha   Wl 
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unnu 

[449)  General  descviptlon   303 

(  950)  The  Tubl.;   303 

(451)  Thfl  Alidade   80-1 

{4Sa)  MellJorl  of  Radiation   S06 

(4S3)  MeDiod  uf  ProgreuioD   SOS 

(.ISj)  MftLoJ  of  laUirsection  ....  807 


rLA\E  TABLE  SITRTEnilG. 

itA5)  iUthod  of  RosectioD   KUS 

(-i5#)  To  Orient  Ito  TaUo   803 

(45T)  1o  find  aae'a  place  on  tha 

groiiDi]   MB 

(4aS)  LuicGeii'ible  ilLitan«fl  liO 
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SURVEriKfi  fflTUOCT  INSTRrMENTS. 


fJ3fl)  Generol  princIpltB.   all 

(460)  Difiluucoa  lij  {mcing   311 

(4Cl)  KaUnma  liy  vUonl  nngles.  81S 

[  Ifla}  SUtaAcca  hy  Tuibilily  ....  313 


(403)  DiaUnccs  lij  Biiuud   SIS 

(461)  Aoglea   au 

(405)  M«tl]o<l«  ofdpwaUoa,  tH 


PART  X. 


cniPTER  I.   Copying  Plats. 


f46ff) 
(4«7) 
|46A) 
(4C») 
(4r«l 
(ITl) 
(47*) 
(47aj 


(479) 
I4§0) 
(481) 
(488) 


Kece^aity   815 

SlMlchirg  liie  paper  Slfl 

Copjing  oy  trncinf   SIT 

on  Iracing-pappr, .  SIT 
"  by  tranaftrpnpcr.  31T 
"  by  puDcturea  ....  31S 
"  by  lUtcraevtiDOs  , .  313 
"       by  BqunToa  319 


474)  It«duciiig  by  cqtiue*  tlf^ 

475)  "         by  rproportiQaal 

eonfeB  SSO 

478)  "  iy  a  paniB^ph  SSI 
477)      "        by  a  camera  luci- 

d«  aai 

(47B)  Eoliirgiag  plaU  821 


CHAPTER  II.   CourcDtioDal  Signs. 


Objaet   332 

Tbe  rvLef  of  ground   332 

Sij^ca  fornalur&I  aurrnce.-.. 

Signs  for  re^etatioD   331 


(493)  Signa  for  water  S3S 

(4§1)  Colored  Uipogr^phy  82S 

(485)  Signs  for  detoclieJ  «bji>c(a.  337 


(486) 

'A 


(498) 


CHAPTER  III.   FiDisbln]?  lh«  I>lap. 

489)  JoininK  paper,, 
490}  MoujaUng  mnpa 


Orienintion   3£S  ' 

Lettering  , , ,  32$ 

Bordew   828  , 


m 


C0S1TE\TS. 


4M 


PART  XL 
Lim'fi  OCT,  PIHTIXC  ftFF,  A\D-D1VIDIXG  IIP  LAND. 
CIIAPTER  I.   Lajlng  ont  Land. 


tenet*  Tia» 

(■191)  I[»obj*ct   fi30 

(•lOai  To  Iny  out  SiiiiBTES  san 

(49!I)  To  lay  nut  rvctnnglca  .  3S1 

(49-1)  Tu  lay  out  triaagk  SS'i 


(196)  To  lay  out  cireles  »32 

(JOT)  Town  loti   saa 

(lOS)  Lntid  evM  for  taxes.. , SSft 
(190)  K«w<wuDtii«  m 


CHAPTER  II.   ParliO^  off  Land. 

(MO)  IM  ob>et    tsi 

A,  £y  a  lint  par^llet  to  t  (I'tfr, 

(MI)  Topnrt'DO'arect.-tnelc   335 

(Mil)     "       "    aparnllelogpatn  ,   8311 

(503)     "       '■    dlrnpeioia   855 

C.      d  line  perpenJietiiiir  la  a  liih. 

(AOS)  To  pnrt  off  a  triangle   SItfl 

(AOrj       ■'       "    ft  quiilrilnlerftl   88T 

1*08)       "       "    any  Bguro   aS7 

C.  Sij  a  line  Ttmfiinp  in  any  ffivm  direction. 

I509)  To  pnrt  off*  lpiflnfl;U   337 

(All)     "      ■■  ft  qnadi-Unlcral   33S 

(Aiaj     ■•      "  any  figure   SS» 

D.  Bij  0  line  liartinj  from  a  given  paint  in  a  ndf. 

(»I4)  To  part  oSa  triauglc   SSO 

'■    a  quntiribiUrnl   MO 

(SI?)     "       "    sny  figure   ZiH 

R  Bf/  a  lint  paiting  thrmiyh  a  given  point  vUAin  At  jtdiL 

(SIO)  To  jijiTt  rtTn  irUncIa   MS 

(SaO)  "    a  (luadrilulerol    843 

lA'i'i)     "      "   nny  Gpiio   SU 

F.  Jiff  ihr  thrrrirtt  pouiiile  lint. 

(.193)  TopartoffatrisnKi*  -.   S15 

(Sai)  0.  I^niii>fvariitb!eTiir.u.   Hi 

|523)  11.  SlTai'jA'iHiita  crooked fencri   84& 

rniPTEK  III.   UlridiDg  up  Lana: 

(390)  Arraogeinenl    847 

Divini)n  of  Si'ianffht, 

IA21")  V'j  linn  pnrnllel  to  a  vide   841 

(•!2$)  Dy  lines  perpen-diealar  Xo  a  ude  ,   34S 

(ASS)  By  ]iae»  rtmnin^  in  any  giycii  JirecUpn  k.-'i^-  84$ 

(ASO)  Ijy        eUrting  from  aq  engle   849 

(ASl)  l>y  linei  aUrUDg  from  a  point  in  a  lida  »   Mil 

(ASA)  By  liriM  pn»in<;  tliroii^h  a  point  vithin  tha  triaagta   S&l 

(AJfl)    '  Dii.    the  point  Iwing  to  be  foand  ....4...........  aS3 

(All)      Do.     the  poiDit  to  be  equii^Lant  from  tba  angln  ...............  tS3 

(M3)  Dy  tlie  sWtest  pouible  liaa   SS4 

Dinition  of  Jfttiaiiglet. 

(5  J3)  By  lines  parallel  t«  a  ji<Ie   854 


Hi 


CONTESTS. 


Dtviiiofi  of  Hafiezeidi. 

lines  parallel  to  t'lie  baBei.   S5 

(546)  Hy  liuea  Blurting  from  potuU  in  a  bide   S55 

(5-17)  Otlier  cases    M6 

iJiui'iion  cf  Qiiadrilalerala. 

(Ali)  By  linei  parallel  to  a  eitliO   $C0 

(A'lO)  Gj  lined  pcrpcndlculnr  to  &  BiJe   SE9 

(A$0)  iij  lines  I'auiii'ii!  in  Buy  giv^n  {!irej;Sion  , ,  ,   .  S&S 

(AS!)  Itj  libM  AtiiHing  fram  an  an^'le  fst 

(ASS)  By  linca  ftturting  from  pt'iiut?  in  b  fide  S&t 

(SSiJ  By  lines  pnisiiig  tLrough  s  point -wiLliio  the  flgure  S39 

By  iiaea  niuDing  in  uij  given  direction   340 

(-3541)       liuea  BturCing  from  an  angle  •   340 

(55?  )  Bj  liuea  e.tiu-liiig  from  n,  paiut  oa  a  side. ,     S6l 

(■^^8)  By  lines  pa^dio^  thro-ugb  a  point  iritliLQ  the  figure   341 

(SSaJ  Oilier  Problem*    3KI 
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(564)  General  fyi-teiii   SG3 

{S6I)  DifScullj-   304 

|56Q)  riunning  townaiiip  linos ....  SGS 

(SG3)  Running  EM  lion  lin«a   368 

(>'Mi4j  Exceptional  nelbode   STO 

Water  frouls   STO 

QptHletic  method  .......  BTl 


HiaadBTing .   871 

(,^65)  Mnrliing  linos  STfi 

(A(HJ)  MiiPbiiig  eorueM   STS 

(ft67)  Kielti-hooks   Sl€ 

TowTwbip  iinM   aT7 

Sectiou  lines   fit 

Mcanilorlag   119 
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APPENDIX  A,   Sfnopsh  of  Plane  Trlgfluoniptrir. 


(11  DoEnilion   SIB 

ili)  j^rgluB  and  Area   870 

l3t  Trit'oiioniulricfininea   S80 

(4)  The  linm  QiratiM   S81 

!3]  Their  voriBlions  in  leugth  ....  361 

6}  Thsir  citotigca  *tt  sig^   382 


(T)  TlieiT  mutud  relation*  

(S)  Two  arcs  SSS 

<9)  DnuMa  sni3  tiJiirarra  3*4 

(10)  Thp  Tnble*  iSt 

(11)  ni£ht-at>g:1ed  IriangleB  386 

(13)  Obliqiie-iMgled  triuigla  MS 


APPENDIX  D.  DcmoDStratiana  of  Problems^  &c, 


Hieoryof Trnmvcmla   Sal 

Hiu-moilic  tti¥i5ii>ii 

The  CtnaaUta  Quad rilnt era]   301 

Froofa  of  rpoblema  in  Port  II, 

Chapter  V.   81)3 


ProuJa  of  Problcnu  in  Purt  V.  ....  9Vi 

■Q  Pwt  VI  SV9 

"                       in  Poo-tVlI-... 
"  '■       inPwtXl  401 


APPENDIX  t.   Introdoclion  to  LcTtlllD^. 

Hie  Inatrumeali'.i  40V. 


Jlj  The  Prinoiple*  «0  |  [3)  The  Praolioe 
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[ADVERTISEirENTJ 


"W.  &  L.  E.  GTJRLET, 

TROY,  JTew  Tort 


In  CDmiDon  fritb  all  □tljcc  munufncturers,  we  hire  been  compiled  bf  the  gr»t 
ndTance  ia  the  W>5t  of  Iilior,  [lie  war  lu,  onJ  llio  amlcriiiljl  uJed,  lo  iacrease  our  olit 
MUblubed  prices  for  Instnimenls,  ie. 

W)>  believr,  hnircTer,  tlinC  in  most  chem  the;  arc  still  for  bdoir  those  of  oihop 
mokurd  af  calablUtied  reputation. 


ContpiM>te>. 

PMa,  wltb  Jacob  Slaff"  mooiilui^,  4  tncli  ncixlle  130  00 

■*        n       "   U  00 

»  *■  B      "   43  00 

Vemior,  "  "        0      "   6S  00 

aulTOad,  "  "         Bi      ■'  88  00 

CompW  tripod,  with  i^heirr  logs,   ,  $  8  00 

"  "    liivelling  screna  and  clainp  md  tangent  njaTrments, .  .  18  00 

«  "  "  wilhout  '■  "         ...  18  00 

"  mountings  witiout  li^g   7  00 

Compound  tangent  ball   T  Oft 

Brass  cover  for  compass  plaas   I  7B 

OittLeeper,  foe  keeping  tnllj   1  V3 

TrauKll«. 

Vemicr,  plain  telescope,*  6  iDch  ncodl'C,  with  rarapasa  tripod  ,  ,g  dO  00 

StuTcsors*         "  4       "  "    iwynsting    "  150  M 

"  B       "  "        "         »   lOS  00 

"  "  "  "        "         "   IDS  00 

Engineers"       "  4       "  "        "         *'    180  00 

'■  5       "  "        "         "    195  00 

"  "  5       "         will  walcli  tcl«:.=;cope  3XS  00 

"  "  a  with  theodolite  mie  235  00 

"  "  5       "  with  two  leleacopei  SSS  00 

Exlrna  to  Trnnslls. 

Vi^ml  circle,  31  io'l^b  diaructor,  TcmliT  rcAiiing  to  Eve  loiiaatea   C  00 

"         i\       "               "              single      "   15  00 

Clump  and  langoat  moTcmenC  lo  aiia  of  telescope   8  00 

Level  on  telescope,  with  ground  bobble  and  sculo   15  00 

Rack  and  pinion  movement  to  cjc-plass   5  00 

f^igbla on  tdcseope,  niili  TolJing  joints.   S  (Ml 

Sights  oa  Blbadarda  at  right  unglca  Ui  Ulewopo  .,  8  00 

Solap  CompiiAM'B. 

Eiolar  compna!!,  niih  adjusting  Eocketa  and  tripod  $S1S  00 

Boliir  tclc^copu  coiupikSA,  with  ailju^iinr;  >uckot  na-i  Irlpod   340  OO 

Uicrometer  teloai^ap^^,  11  to  20  inehi^s  long,  with  raeic  movement  to  objo^l 

gUsi,  and  with  movaMe  clips  to  attauU  Ibo  gigliis  to  No.  1   38  00 


■  A  pida  toIcKope  iM  one  wltihoaii  tnj  at  (lie  ktUicIimeiiC*  or  cxitaa,  ta  w»  term  Uun, 
MCh  u  Che  elAiup  and  tanpinl,  truUcal  cIkIc,  and  leraL 


i2Q      AETBnnSFHENT, — ^^V",  &  L.  E.  GcsnjEY,  TaoY,  N.  T". 


lieTellins*  Kod.«. 

Yankee  nr  Boelon  tl8  OO 

.NC'ir  Vork,  vitii  unjiroved  mounljnga                                                    i9  Oi) 

lae veiling  In.iili-itment*'. 

Sixteen  inch  Iclcscope,  with  atljusling  tri|)oJ  (ISS  00 

EighUin         "                     "                                                     185  00 

TiveatT            "                        "                                                            135  00 

Tweiilj-two      "                                                                                     135  00 

Builde'ts'  Ifvel,  villi  ntl justing  tripod                                                            60  00 

"        "    levcllag  Mrena,  luiid  clnmp  and  Licigcot  moTemcnU  i    60  00 

Chains. 

100  feet,  with  oval  rtngf,  S*.  S  refined  iron  wire,  ,J12  00 

>'         "           "              s      "          "  ,                            3  00 

M  het,  ^ "          "             6      "          "                                                    6  60 

no  fflel,    "          »              C      "           "                                                    B  00 

Ofi  fMt,    "          "              B      "          "                                                    4  7D 

SiSfcet,    "         "            a     "         "                                             a  ?B 

HTcet,    "         "           10     "         "                                              4  00 

83  Iwl,    "                       10      "          •>                                                    S  flO 

lOOfopt,    "         "            B  best  atwl  wire   12  00 

JIW  fwt,                ■'            10      "           "     30  &0 

no  fei't,   "  a    "        "   11 60 

BO  feel,    ■■         "           10     "         "                                              D  7S 

«9  fort,    "         "■            8     "         "                                            16  BO 

09  fwt,    "         "           10     "         "                                              8  M 

88  fftcl,    "         "            8     "         "                                              K  78 

3S  fept,              "           10     «         "                                              4  00 

ino  fbvt,  broied  linlca  and  rings,  Xo.  IS  beat  bIggI  ^Ine                               10  00 

Tin  feel,         '■            "            13          "                                         8  OO 

66  fett,         "                         13          "                                       14  00 

83  feet,  t       "             "              Vl           "                                              V  00 

jnnrklBS  Flam, 

Set  of  11  pins,  iron  wire,  Ko,  4...>  tl  SO 

"        "     stedwiro,  No.  fS                                                           8  00 

"         "      bmswiru,  No.  4..  S  00 

Imported  IMcnsnrliiE  Tnprs. 

Cbefftcrmaa'a  stcd,  33  A.t!t  ^10  90 

"           CO  feet                                                                 14  SB 

»           6G  feet                                                                 18  00 

"            100  ffol                                                                         85  00 

"  melnllic  33  feet                                                                  3  00 

"      •'    00  feel                                                                  a  TO 

"      "    OOfeet                                                                  4  Sa 

"      "    70  feet                                                                  4  SO 

SOfeel.,                                                                        S  tS 

"       100  feel                                              e  aft 

Po<cket  CompaHMCfl. 

With  foldiuf;  Bigh-ts,      Inch  needle,  fc'ry  6eivi«6ftb!e  for  tmeing  hnM  ont^ 

survi-ypil  9  9  00 

WlUi  folilidg  eights,  2i  ineh  u-ctdle,  vitli  Jacvh  SiaO'  mountiugA                    11  60 

■■                                           13  00 

"             SJ      "         without      "                                     1 1  00 

WitlioHt  eiphlfl,  1  tc  3  iodi  Mcdk.  from  25  cpum  to  S  00 

Uinc-r^'  cohipii!!!,  or  Dippiug  itcetUi^  {of  troong  itdti  ore,  a  ngw  nail  bi^u^ful 

Mtidc,  gliM  ott  bo^  Bidea                                                            10  00 


INFORMATION  TO  PURCHASERS. 


I  H»  ■  I  

UiiKtAL) — Ti>  thpM  wbo  mBj  wit])  to  [iqrcha)'«  (tny  «f  U)«  iMlnimeaL)  m«DtiaiicJ 
m  tbe  prerioiu  pog-ca  -uf  tliis  AdTcrtueaiciit,  wo  ivill  eenil  our  MduuqI — a  Book  «l 
I2fi  })ages,  irantBtniDg  a  full  ideemption  of  the  tnmo.  with  the  adjust meoti,  ^tc,  Itm 
of  eLni'go,  (poBt«gB  iQcJuJeil, )  on  ojiplipotion  lo  us  at  Twy,  N.  Y. 

Ikotduvi^'is  Wahted. — to  regard  lo  Clio  beet  kind  of  luBLruine&ta  for  partleulax 
purposes,  would  here  eay,  that  wliere  only  comnjon  t-UrTuyin^,  oi  tlie  bearing  of 
liiiM  in  the  surveyi  fi>r  CouoCy  Maps  it  required,  a  I'tain  CumpaH  u  aU  tliftt  is  nL-ce«- 
Mrj.  In  oaaa  where  the  rari&tloii  of  the  nfedt«  u  to  b«  allowed,  aa  in  retracing 
the  iima  of  an  old  Burrnj,  io.,  the  Vernier  Compjua,  or  ills  Virnier  Traosit,  ia 
requited, 

Wlier«,  ia  adJition  to  Ui«  varia'iioa  of  ttie  neclle,  li«riz«atal  angles  ore  to 
taken,  and  in  cnsct  of  local  attracLion,  the  Rail  Rond  CompoM  ia  prererablD ;  and 
for  a  mixed  practice  of  Surre^iag  and  Eiigia««riDg,  we  eonaidef  the  SurTejor'e 
Trantil  rupcrior  to  bp;  io«(nimeat  made  bj  us  ttr  aa;  other  raannfacturcri. 

la  the  HUrrcjg  of  11.  S.  piililic  lond^,  the  eoQQtf  nod  towoehtp  liiiii  ore  required 
lo  be  ruu  hy  lucb  inetrumeiita  aa  the  Soljir  Cofflpnag. 

Vrhcr«  Engineering  i»  tli«  ext^IuBit'«  tlwign,  Uie  Enjiitef-fe'  Tfoaeit  aiid  tlio  Levd 
ing  iQitriuncubi  am  of  course  iudiiipeafratilei 

Wacrantt. — All  our  La»trum«nts  ure  examin'cd  and  tMted  bjr  ua  in  peraou,  and 
nre  Mill  to  the  purchaser  ii'djiisted  and  ready  for  intjaediiite  use 

TEiey  are  vrarraiiteil  correct  ia  all  their  parta — ne  agtttiag  in  tlie  eTent  of  Miy 
defect  npjioariiig  after  reasonable  usc^  to  repoir,  or  replace  witli  a  new  and  perfect 
iiutruRient,  promptly  and  a.t  oiirO'Wn  coet,  cxprcM  cliArgeeia eluded,  or  we  will  rcfiiuj 
th«  luaney,  mad  the  expreea  cbargce  paid  bj  the  putchaaer. 

Instances  uaay  MiaetiBies  o«Gur,  in  a  baaineia  lU  lorg-e  and  wiJely  eiteniled  aa 
onri,  wLicre,  oiriDg  to  careleaa  trauaportatjon,  or  to  defects  escaping  the  closest  let-U' 
liny  of  tlie  maVcr,  iuetnuncDta  may  reacb  our  ciutoaiers  in  bad  oouditicn.  We  cou 
aider  the  retentioa  cf  such  iDitrumenta  in  all  case*  an  iujury  very  mui^lt  greater  It 
ua  Uiau  to  the  pnrcbaaer  himaelf. 

Tfiiu  or  l;(STRirM£M3. — It  may  oftcD  bappea  tbat  thia  statcEnent  of  the  prices  no-j 
quality  of  our  inatrumicDta,  nay  cDmo  Sato  the  band!  of  thoso  who  ore  entirely  unac- 
qnainted  with  lu.  or  with  the  «iualily  of  our  work,  and  who  therefore  feel  uDwilliug 
to  mnike  ft  final  purchass  of  an  article,  of  the  tscellence  of  which  iLey  are  oot  per- 
fectly aienrfd. 

To  such  WB  roako  Ilie  following  proposition ;  Wo  will  aenJ  the  instnitneat  lo  iha 

eXpreas  llatioa  Uejirtat  the  pers^iQ  giving  the  order,  sn-J  direct  the  "Eijieeas  A^ent 

on  ileliTcrj  of  the  eaitie,  to  collect  our  hill,  togctlier  Kith  cliargca  of  transporlalion, 
and  hold  tlie  money  on  depoait  until  the  purchueer  shall  have  had — sny  two  weak* 
kcLn&l  trial  of  ita  quality, 

If  not  found  &3  reprvaeDted  ho  may  return  the  Inatrutneot  before  the  c;ipiratioii 
of  Ibiat  time,  and  receive  the  mouoy  paiil,  in  full,  {Deluding  eipresa.  cliitrgea,  and 
direct  the  Inetrument  ta  b«  retortiod  to  tu. 
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INFORMATION  TO  PURCHASEE3. 


Low  PaicKS.  OF  oua  Inst  nun  ests. — It  i*  oflen  urged  by  ottjcr  moters.  and  ptt' 
toa»  ftejaAiaad  ia  llieir  Tavor,  that  it  ia  impnasilile  to  nuk^  firat  rale  iaitruments,  at 
l\i<3  prL<;eB  clinrged  bj  119,  nod  nticli  afq  w  ?ery  fnr  below  tlio^e  v(  oUaer  •kiilfnl 
■tiuiiufaclar«r9'. 

Wo  hnraontj-  Ic  reply,  la  uddition  to  wbat  wb  hove  itated  iatiur  W«rT»Bty, 
titat  a  Tiiit  l*>  i>ur  n-^rke,  i«"4  n  coibpfltUon  of  t>iiF  fitsiliii«e,  with  llic>se  of  our  com- 
|>i?tltai'9,  would  diapol  nil  qneations  u  to  our  ability  I-a  frurpam  them,  not  oalj  in 
iba  cLeapDes?.  but  aha  ia  the  superior  i^uality  of  our  vrurk. 

PArsiyo,  li-c , — Ench  iiistruUeat  is  packed  in  a  veil  fiDished  mnbc^aDj- cum, 
furulrlieJ  with  lock  and  ley  aoil  liraea  liooks,  tko  larger  ones  hoTtng  l>e3idei  Uieae, 
a  Icutli^r  filrap  for  canirenietLC'e  in  carrying.  Each  case  is  providud  with  acrev 
drivers,  nJjujtlng  pin,  and  -wrench  for  centre-pin,  and,  if  aeecmpariied  Ljr  a  tripod 
vitli  B  brii»i  pluinb-bob ;  with  all  iiiatrumeats  for  takio^  anglee,  nitbaut  tha  neeSit, 
a  reading  micraecop'S  ia  also  furnished. 

(Joless  the  purclinaer  b  already  supplied,  each  inatrnment  ia  flo-sotupanied  I>y  our 
"  Uanusl,"  glriug  full  iiutniclioii^  f«r  guch  agljuakneiiteaiid  repairs  as  arc  poasilLile  ta 
oae  not  providei]  vitb  Lho  ordinary  faoilitiea  of  an  ioalrumtmt  oiakar. 

VThen  Bent  to  llie  purcbaser,  the  mahagaay  cosoa  am  car-cfully  eceloMd  m  outaiila 
packing  hoxet,  of  pine,  mada  p  liUlu  Ini'gpr  on  nil  side*  to  allo-w  Xhe  introduction  ot 
elastic  mnterial,  niidso  efTectunlly  ore  our  iiisl.n'imenta  protected  by  thtte  pT«cauUoDa 
that  of  Eevcral  thouaand  ecnt  out  by  m.  during-  tho  last  lhii-t««a  yGera,  in  all  aeaaoni, 
by  Btefy  rao^e  gf  trncapftrt»ti<5n,  sad  [«  all  part*  <jf  tbe  Vnion  and  the  Caaadaa,  not 
more  tlian  tbrcs  or  faiir  liave  auetained  Eerious  injury. 

Meanb  osTnASBpoBTATios. — Instrumoiita  van  be  Beat  by  Ejpres*  to  almost  every 
iDwn  In  tho  United  States  and  Cutindos,  regular  egents  being  lucaled  at  oil  thg  mor* 
important  points,  by  vbom  tliey  nro  forwDTded  to  Mnaller  places  by  atage.  The 
churgea  of  Lransportati-on  from  Troy  to  tlie  purcliaser  are  in  all  etisea  to  be  borne  by 
him,  gnarrant^eing  tha  aafc  arrival  of  imr  iDbLmiuenta  Ui  the  exteat  ttf  Espr«ta 
trauportation,  and  holding  (Jus  Flspr^'w  Compaaiea  reEpoosible  to  ui  for  all  !omm  ar 
daiaages  on  the  way. 

Tebus  or  Patuknt  ara  tiniformly  eaah,  and  wa  bave  but  ona  pried.  Oar  prinei 
for  In^truiaecitB  are  nearly  one-third  less  than  tboae  of  other  makers  of  establuhed 
reputation.  They  are  as  Iot  aawe  lliink  instruments  of  equal  quality  eaa  b«  mnde, 
aud  n'ili  not  be  varied  from  tbe  list  giT«n  on  the  prevfuus  pag'ee. 

nemittaacea  maybe  made  by  a  drall,  payablo  to  our  order  at  Troy,  AlbaDy,  I^cv 
Tori!,  Doiloa  or  Philadelphia,  which  con  ba  procai'sd  from  Ssnks  orBanlcera  ia 
almost  all  at  tbo  iBrgor  Tillages. 

Tb-ese  may  be  aent  by  mail  irith  the  order  for  Che  iailrumont,  and  iflg^t  or  atolea 
on  tho  roat«,  can  b«  replaced  by  a  duplicate  draft,  obtained  as  beforo,  and  viUioul 
additional  east 

Or  tho  ouEtomcr  maypay  the  hill  on  receipt  of  Ibo  inatrumont  to  the  ^Epr^agent 
taking  care  to  send  funds  bankable  in  Now  TorV  or  Boston.  The  coat  of  returniog 
biUa  colleeted  by  expTass  of  amounts  nnd^r  |1S,0(>  will  be  eliargcd  to  l}i>e  euatnmfr. 

W.  &  L.  E.  GURLEY, 
Mathematical  InBtrument  Makerg 

^uoM-at,,  OFTogiTV  Kwtu  "Exa  Of  UmoH  B.  B.  Defot,  Tboi,  N.  Y. 
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01681 
01710 


Vait. 
Vail. 
Unit. 
Unit, 
Uuiu 
Unit. 
Unit, 
Unit, 
Unit. 
Unit. 
Uuit. 
99999 
99W9 
99999 
99999 

WM 
W999 

999' 


99998 

99998 

9999= 
99998 

99991 
99991 
99996 
99996 

99996 

99'W'i 
99995 
99095 
99995 
99995 
99994 
99994 

99iiv3 

9999] 
9')99' 

Q9t;93 

99991 
99991 
9909  J 
9999° 
99990 
999iS9 

999^ 
991 


9«98 
99957 


%5 
9MB5 

99935 


Coring.  &Ia6. 


SO" 


Sine.  CohDD. 


0-1745 

01^3 

01863 
01 89 1 
01930 
019J0 
01978 
01007 
01036 
O1065 
DI094 

01133 
03  I  53 
□llBi 

013II 

07  3  JO 

01 398 

oils'! 

aim 
01  itii 
01(14 

D34i3 
03473 

a]5ol 

0353o 
0-3  56o 

uj6H 
0-2676 
o-J7o5 
0-3731 
0-3  7  6i 
M79J 
O13H31 
nlSjo 
03870 
0)906 
OS938 
03967 

(>-3i)gfi 
oJllD.i 

o3d83 
ojiia 
o3i4i 

0-3170 

b335t 
rf3% 
o33i6 
o334S 
&33-J4 

o343» 
D34&I 

d349d 


99,35 
99984 
99934 
999W 
999-53 
999S3 
99983 
99981 
999S0 
99Ej8o 
99979 
M97S 
9997B 
99971 
99977 
99970 
99976 
99975 
99974 
99974 
99973 
9997s 
9*M7J 
99')7i 
99970 
99909 


•m''l 
cm<>b 

(/)9W 

ri99/>5 

99964 

999'jl 

99'/" 
999O0 
999  ?9 
999  59 

99')  57 

999 

999-'' 
999  J4 
991)53 

99953 

99^51 
Q995o 

999-19 
999  (M 

99947 
99946 
99943 
99914 
99943 
9994a 

9991" 
99940 

99939 


CtolTir.  SiM. 


o34qo 
035ja 
oiiiS 

o3(>o^ 
03635 
albbi 
03693 
o3i33 
oJ75a 
oJifli 
o38io 
o3839 
o3S6S 
03897 
03936 

03955 
03984 
o4di3 
o4d43 
04071 
04100 

04130 
04  I  5n 

oijas 
04317 
0494'-' 
oj  175 
04J04 
OJJ33 
o43cia 

04391 

04430 
04449 
04478 
04  5o7 
04536 
04  3()5 
04594 
04633 
OJ653 

04711 

o  n  A" 

04798 
0433J 

ojyio 

oiti85 
04914 
04943 
04973 
o5ool 
oSo3o 
oJo5o 
o5d88 
o5i  J7 
o5l4& 
o5i75 
o53o5 
o5a34 


999?9 

999-') 
99936 

999" 
99934 
99933 
99933 
999)1 
999J0 
99939 

999' 7 
9993  f) 
99,3  5 
99934 
99933 

909" 
999 '9 
999L.8 

99917 
99916 

99f^l5 
9991 3 
99913 
99911 
99910 
99909 
9990J 
99906 
9990S 

99904 
99901 

999"' 
913900 

& 
99894 

90«')3 
99*)' 
99^,0 

993^ 

w«s 

99383 
99gH3 
99981 
99^70 
99878 
99876 

99873 
99873 
99SJ0 

99564 
99963 


SI" 


oii34 
o5a63 

o5?3> 

05  3  jo 
o5379 
o34o9 
05437 
a5j66 

o35a4 
03533 
D558a 
o56ii 
□>(i4d 
□M169 

□5698 
05737 
05766 
D57B5 

oWiS 

03903 
a593l 
05960 
03989 
06016 
06047 
06076 
ofrioS 

06-1 34 
06 1 63 
06193 

06331 

o6a5o 
06379 

Q63J7 
oltWi 
06)93 
cJ-jaj 
o6i5J 
o64«3 
otfSri 
06-540 

D6569 
06596 
□6637 
06650 
D6685 
D6714 
06743 
06773 

06  Boa 
o6S3i 
06860 
06889 
06918 


99863 
998iS 

99'*  M 
99-95J 
99-^ii 
99*^-1  ■) 

9984^ 
99841 
99841 
99841 
9983^ 

99SI8 

99«1-1 
99833 
99931 
9.^819 

^il 

998*1 
99W31 
9:5819 
998.J 

99813 

99Hi3 
90I10 
9>8;-S 
99806 
99804 
99'toJ 
99H[1I 
99799 

99797 
99793 
9979! 
9079' 
99790 
997*8 
997*6 

99784 
99783 

997*" 
99778 
99776 
9971* 
9971  > 

99775 
997M 

997W 

99764 

997"' 

99733 
997J6 


86= 


4" 


06976 
07003 
07034 
07063 
0:093 
07111 
071  fia 
07170 
ejsoB 
07337 
07366 
07S95 
"73 -24 
07353 
0738a 
0741 J 

07440 
07460 
D749S 
07517 
07336 
□7583 
07&U 
07613 
07673 
07701 
07730 

07786 

07?*  1 7 
07S44 

07875 
0790^ 
07933 
07961 

07994 
oHoie 
ofiwo 
0S078 
oSioi 
o9i36 
081 65 

DSl9i 

oSjSj 
o8)8i 

08339 
08I6S 
08J97 
084*6 
o3j33 
o8484 
o35.3 
oS5j3 
qS57i 
08600 

08656 
086S7 
08716 


99T>* 
997^* 
997ij 
997*0 
99118 

997*'' 
99744 
9974a 
9974" 
997J8 
997*6 
9.7734 
90731 
99"  »9 
•W7>? 
991" 

W>3 

9'/7t9 
90716 
997' 4 
997'» 
99710 
,9708 
9970i 
997») 
99701 

» 
99694 

99'^ 

99689 

99680 
90678 
99676 
9967J 

99661 

99657 

99654 
9y6J» 
99649 
99647 

9961a 
99639 

& 

99W» 
99U0 
99617 
996)5 
996JI 
99619 


Cuin*.  Sins. 


Tasle  hi. 


NATITJIAL  SINES  AND  COSINES. 


 ^6* 

Sine  CodM. 


Sine.  iCnin.    Hp*.  Cd^. 


II 

la 
■3 

■  14 
|5 

lO 

\l 
"3 

30 
31 
31 
9] 

u 

ai 

34 

Jo 

3i 
3? 
33 
3i 
3i 
3Ii 

13 

Jo 
^1 

At 
41 

id 

5t 
5i 
51 
5i 

55 
56 

57 

5-* 


DS7I6 

0874s 

oStkj) 

oSSfto 
o8S8q 
08918 
oSq« 
oSg7b 

O.)o34 

D90QI 
OQiai 

i>9l9a 

09m 

09331 

e,3oS 

Do35J 

09  ill 
o^M" 
09465 
l>9i9^ 
09537 

>)^58S 
096U 

0907 1 
09700 
097S9 
097  J8 

09SJS 
09874 
t>9f)Q3 

OW 

10077 

IOIO& 
10103 

10379 

io3o» 
iio33t 


99619 
99617 
996.4 
996.3 

9009 
9960, 

99001 
99605 

& 

99*94 

99*9" 
99S«8 

W5l9 
^575 

9951-0 
99167 
9,564 
9,56, 
955i«) 
99J3<j 

9,55  [ 

9Q54i 
9,511 
9,540 

9,537 

9,531 
9,5lS 
9,516 
9,514 
9,5m 

w*n 

9,511 
995oa 
99io6 
9950) 
9,5oo 
99-i97 

99i9t 
9ql»3 
WiSi 
99jBa 

Wil9 

99113 
99i]0 

99i61 
994fil 
9^58 


01453 

o5ii 
o54o 

Si's 

a65S 

o64:<4 


9945J 

9944? 
99*1* 
99  Hi 
9^,440 

994^7 

99JJ1 

99il9 


0713  ,^4S.i 


074s 
0771 
i>S«> 
0819 

oBSS 
oB&] 

0916 
0945 
0973 
1003 
[03j 
1060 

iio5 
1363 

I  Ml 

i3l9 
137H 
1407 
1436 
1465 
■  491 
.53J 
1 553 
i5Bo 
i6<» 
[6JS 
1667 
1696 

ni5 

ni4 
n83 

l«.a 
1840 

;9'!^ 
1933 

IDU 

1043 
3071 

IlOO 

1»9 
11B7 


Corina.  I  Sine, 


84" 


CadM.  eine. 


974J 

994(3 

974tS 

99400 
99406 

99ioi 

9g3^ 
9.)3r,i 
993,0 

9^3Mj ; 

993^0 

99377 

99^7* 

99*70 

99i64 
99)60 
99J5T 

99154 

9^,3  ■)! 
99347 
99344 
993i. 

993IT 
99  i4 

993J1 
99l»7 
69lJ4 
9931a 
99I17 
993U 
99310 
99307 

993oJ 
99300 
99^07 
993,3. 
993,1 
99a*. 

9027!' 
99i 
9931 
9936 
9936* 
waM 
99JSS 


3187 

3116 

3345 

3374 

313  I 

336« 

3]8io 
5ilS 
34.i7 
3476 
35o4 
3533 

3563 

3S9I 
3630 

3*49 
9678 
3706 
37» 

3764 
1793 

3S5l 

S90S 

31)37 

3995 

3o94 
3oU 

3o5r 

il  10 

3i39 

l^U 

3ii4 
3j93 

33JI 
3J70 
3399 

345^ 
34^5 

3St4 
3543 
3571 

J'(i>ti 
3u)i) 

3716 

37*1 
3tl3 
3)!o3 

3H3i 
3Hbo 
3PS9 
3917 


99337 
M»33 


99 '97 
99193 

99Lfi9 
99i3t> 

99178 

99I7S 

9917" 

99167 

99103 

99l6n 

9,-56 

99153  [ 

99148 

W'-H 

99141 

9^(37 
99133 
99139 
99135 

99133 

99119 
99114 

9911a 
99106 
99103 
9909a 

9Wl 
99Cql 

99083 
99073 

99071 

9905l 

99043 

99039 
99*35 

9903l 
99037 


8  = 


13911 
1394^ 
,397s 

llEJOi 

[,W31 
Uoljl 
14090 
Una 
11148 

tji77 
14301 
14334 
14363 
14391 

I433D 

1434, 

14378 
14407 
14436 
14464 
14493 
14533 
U55i 
i45Sa 
i46oB 
14637 

.1695 
11733 
14751 
14781 

ll^io 
U8O7 

149S1 

i5aiE 
l5i5S 

■  5311 
I  S34E 

■  5970 

■  5399 
15337 
nJ5fa 
153^^5 
i34i4 
1 3443 
1 5471 

■  S5oo 
i55aa 
iS55? 
i55S6 
l56iS 

■  5643 


99037 

99013 
99019 

99015 

9,0.11 
99«yi 

PS^ 

9*»< 
9^990 
9»946 
999^1 

9B961 
9*937 
9«953 

9»,W 
98,10 

5V* 

9^19 

y'S9lo 
9VS 
9V 

gS9,7 
C,>^H93 
0-S1S9 
9S.*l4 
9^**0 

ffl 

9^85 1 
9IW49 
9404  5 

oftaji 

9^»34^ 

9.'*t«j 
9H81-1 
9^3-1 

9f=3<S 
9*iii 

91796 
98791 
98787 
g97e» 
98778 
93713 
987^9 


S  Inc.  CoBi 


610 


5643 

«7= 
5701 

S74g 
57*8 

584S 

5373 
590a 
5,31 

59SS 
6017 
601'i 
6074 

61 39 

6160 

6ifi9 
bliH 
6)16 
6575 
63o4 
6333 
6341 
639a 
61 19 
6447 
647* 
6305 


98769 
987W 
98760 

9S75. 
9a7i6 

9»,3T 
9.^33 

9S7?S 

9S71I* 
9^7.4 
98709 
98704 

996,5 
9'*'9" 

9S6!f6 
9HM1 
9%76 

9M6^T 
9S(j6i 
9^(657 

9'i6 13 

9W33 

9IW39 
'J-'WJ  i '  39 


t'Sill  I  IjVil  S,  37 
6'j  ;o  ^^'Grf  36 

9-^600 
985,5 
9*iioa 
9«555 

9«575 
9S570 
9^565 
9856] 
9S5S6 


67  o2 

6734 
6763 
6793 

6-1  lo 

6H-I9 
OUT* 
6906 

6964 '  o?i55i 
6993  1 9^546 
7031  98541 
70 io  9^536 

7IC17  ij'^aifi 

7l3'j  r,^33( 
71(1',  ,)SjHi 
719I  9^3LI 
7J33  I  9Sjci6 

7) 5o '99501 
7379  ] 

TSoS  98401 


iJ36 
7J65 


96486 
98481 


80" 


NATUICAL 


SIXES  AND 


COSINES.  Taels  III. 


o 

I 

t 
1 
i 
3 
l> 

7 

tt 

III 

if 

13 

li 
li 
1^ 

t6 

IS 

II 

li 
3i 
1't 

iL 
II 

II 

3i 

ii 
2i 
ii 
33 

30 

37 
3^ 

39 

ja 
dJ 
4-* 
43 

46 

'  io 
Si 
35 
S3 
5< 

% 


I74M 

iififti 
moi 
mi] 

i8o5] 

iBjLiQ 

ifcill 
iSJ™ 
[8338 
iflJCrj 

iB.pi 
i8j5i 

i83qo 
|H63H 
18367 

lS63( 

iR^i 
iMt  io 
jSi3B 
,«,(^ 

1 8^7 
ir>o:i 
1^1 


9>t409 
9»4o4 

9«3.j4 
i>S37S 

98351 

9*147 
9M3-il 
9SJJ6 
9SJ31 
g83a5 

99350 
9'j57i 

ijMi3.! 
9*11  r6 
g8»oi 

t'¥- 

ob[DO 
98165 

99163 


71,0 


11° 


lrjl9> 

i<,m 

19S5! 
J94S1 
19509 

u,m 

I(j7i)0 
IV737 

l<,S53 

I99J7 
1 99^5 
'W4 

J  0-033 
10079 
?0l3iJ 

1U193 
»aJ79 

I0  3-i!) 

3d43u 

ao.178 

3o5(i7 
3o535 
10563 

sua  77 
£0706 
30734 
80763 
3079] 


78° 


ij'ii33 

QS133 

9«ri8 
()*liu7 

9II0S4 

ylii)79 

9^13 
rj3a(i7 
uUaii 

980U 

9*>^7 

97W' 

979f(i 
97775 
W? 

971)5  J 

97940 
57934 
97938 
979)  J 
9791(1 
979 1 0 
9790) 

& 
97«57 
978a  [ 

979^9 
9786j 

97357 
97B5i 
978*5 

97817 

97Slt 
97815 


12° 
Sine.  CuHiie. 


97S15 

9780J 
'^77^7 
9779' 
977  W 
97778 
9777' 
97766 
977610 
97754 

977  ■!« 
977-il 
9773  i 

977  J3 

977 '7 

977" 
97jo5 
97'kj3 
97'-)! 

97tiSii 

97t'73 
97W.7 

9765  ^ 
97(i4a 
97l''13 
97636 
97(5  3  0 

97(.j3 
97hl7 
97611 
97604 
97598 
9759! 
975»3 
97^79 


ii  175 
ii3oJ 
7l33t 

11363 

run 
irJ74 

l,$io 
1 1 581 
■iibi-i 

■J  1701 
11759 
21758 
ai7ti£> 
aiUi4 
31843 
jiSti 

I3l>l3 

32070 

IJ09B 
am'] 

«3lS3 
31183 
31!  13 
313.10 

3l35S 

3JJ53 

!J43a 

3i467 


18" 


1 4=" 


33(108 
550J7 
3JWi3 
33tq3 
11733 
JI750 

il77B 

»sa33 
jjM 
3589: 
33910 

33IJ4B 
13977 
i3*o5 
3iol3 
33v63 
13090 

i3u6 
jinS 

sliii 
i334c 
s3iS8 
933 14 

il34S 

31373 
3310 1 
33439 

3JiH(, 

3,ISM 

3lSl3 

33>7i 

3)^99 
33(>37 

□  3(,5(i 

3.3713 
337J0 

ma 

3391a 

33966 
33995 
340  >  3 
34u3l 

34079 

541  oS 
341 36 
S4i''4 
3,4193 


TB." 


'I7V 
97391 
973H4 
97371* 

973S1 

9730 

97  lis 

9733. 
9731  > 
973.9 
97311 


973;h 

9737' 
973t..t 
97351 
97331 
^V*i 
97337 

971 3o 
973*3 
97317 
97  3  in 

9731J-'' 

97109 
V7i8> 
97lj(. 
97  lf«> 

91 

97 1 33 
9714S 
97141 
97134 

97IS7 
97  I  3li 
9711I 
97  toe. 
97  im-. 
97*93 
97uMt. 

97063 

97o5e 
97p5i 
1)1704.1 
9T>37 
9703(1 


■ 

.  '  1 '.^ 

.-.--1.. 

^  j 

.  it3 

1  ri390 

9'j9>Vj 

IS3 

•;''97i 

53 

34416 

61 

,.„,^., 

^.1 

345J'-; 

I4<fi  '1 

:4644 

9(19 1  u 

3.1673 

.  '  1  ij 

I'l 

1  1 

30 
3S 
Ji 

33 
33 

Jl 

I  l3o3tl  I  i/jSti  I  Jo 
35cM  if'iHo-f  I  » 


■'■J  I 

J  101  i>  I  y  '  -'31 


35  li^ 

91.71,4 

.j'.7?& 

.  ;  ■  1 

51 

■J  J  17(1 
5 

:is6o 

9-/719 

96705 

i? 

■J  '1 

"■■r 

w 

n 

1 1 

10 

t 

.J  .  IH 

I 

3  5741 

;^7'-9 

.      -  "J 

S 
1 
3 
1 
( 

ljC>93 

e 

Coin. 

£1». 

IB" 

r 

Tablk  111. 


XATr.'iiAl.  Sl.VlLri  AND  COSINES. 


61 


9 

la 
II 
■1 
i] 

14 
■  5 

■6 

\l 

"9 

10 

11 

IX 

si' 

n 

:j  J 

li 

3i 
3i 

It 

31 
Yi 
If, 

!S 

J? 
+> 

41 
41 
il 
U 

4i 

IS 

Si 

Si 
5J 
Si 
5J 
56 


Brno.  GMiiiB. 


J588» 

1)933 
)5$66 

96079 
j6|]5 

Ii63dJ 

36331 
16351) 
J6387 
364  iS 

3666S 
16696 

16780 
i68aS 

^8 
1697& 
17004. 

37060 

371  iC 

57173 
17200 
37113 
37iSf^ 

'3719J 
37113 
37340 
373&3 
37396 

37180 

17336 
57564 


Caitii«,  Bin*. 


g63g3 
g6S3s 
50578 

96570 

96555 
965J7 
96J40 
965JJ 

g65c9 

96i9J 

96479 

^4^3 

96449 

96433 
964*5 
96417 
9641D 
96M9 

& 
96379 

96355 
9*347 
r^340 

i}(>3i6 
9Ue9 
9(i3oi 
96)93 
961&5 

961^ 
96361 
96153 
96?j6 

9O138 
96i3d 
96119 
961U 
9(106 
96.,% 
9611)0 
961SS 

& 
9615H 
96i5a 
9''iJi 
^iH 
96116 


17564 
7591 
ifcio 

7476 
7704 

7Bij 
7S43 
7871 

Tin 

7,83 

Soil 
S039 
8067 
SogS 
811] 
9i5o 
817S 
38106 
i3i34 
836} 
S}go 
SJiS 
8346 
8J74 
$4°a 

S451J 
B4S7 

nil. 3 
Si4i 
356q 

S6ii 

!%5l 

i:96Sa 
1870a 
■ft73& 
8764 

sSso 

3^547 
3375 
Siai 
893  J 
^959 

3fl9^7 

■90  r  5 
964* 
9030 

w 

91 16 

19154 

9i8j 
19109 
9337 


9(t[36 
96118 

961  t-a 
56101 

960-H6 
96078 
9/1070 

c/xyii 
90054 
96iV46 
96037 
960:9 
960)1 
96013 
96005 

959S1 

9594S 

95931 

95^7  4 
95%5 
3  7 
()5^  ;■) 

9^x4. 
9ifi3j 

95816 
95BU7 
957s« 
9579. 

95781 

957/* 

95749 
95740 
9>73l 
95714 
9^715 
93507 
93(19^ 
936.^0 

Q56ai 

936jJ 
9l>6A4 
g565fi 

9^647 
q563o 


Coii»-    6  int. 

7S" 


Bine.  CotH, 


1996^ 
19393 
19371 
17343 
19376 
19404 
I943J 
19460 

19-187 
1,515 
15.543 
19571 
19599 
19616 
,9654 

19681 
»97io 
19733 
19765 
19193 

I9S7O 
19904 

Z9933 
19960 

m^i 

3oai3 
30043 
30071 

J0098 

3oi5.i 
joi8l 

Jo?  09 

ioiJ^ 
3oj6j 
30191 

3o33il 

3a3'fi 
Jo4o3 
3o43t 
3o45q 
3o4B5 

3o5i4 
3o543 
3*570 
J0597 
}d6iS 
Jo<.53 
3o6tto 
3si(i3 
30736 
3  0763 
3flj9r 
3o8io 
34tLt6 
30874 
30901 


9563a 

93&7I 

9361 3 

9f>o5 


955; 
955T9 

955^! 
g5Sa4 
95SJ5 
o551'i 
955i3 
95319 
93S[I 
95501 

g54ci3 

95476 
95467 
954  >9 
954*0 
9*^4 .11 
95iJ3 
954Ti 
95415 
<l5lo7 
95J9S 
953S9 
95380 
95371 
93363 
95Ji4 

9'ii;5 
.)5i;i 

95319 
95iio 

957,] 

93it3 
qSiM 
95*57 
95148 
95i4o 
93i3i 
oSiai 
95113 
95104 

95i59 
931  So 
g5li3 
95l33 
9Siii 

9SII3 

g5io6 


IS" 


BiiK.  Corii 


73= 


10909 
30919 

3iui:l 
3 1 040 
3ld6H 
3i  095 
3ri33 
3ii3i 
3C17S 
.3:3of. 
3l333 
3[36i 
3ii8q 
3E3ib 

3c344 
3i37i 
3i399 
31417 
3,454 
3i  ji^? 
3i5ic 
?i537 
ii5(j5 
31593 
3 1 630 

31675 
3l7o3 

3c^iB 
3l7W 
.^rHi3 
3iM4i 
JiWS 
3iSg6 
3im3 
37951 
3 11)79 
3nio/j 
3ia34 
3io6i 
31089 
3tllb 
3li44 

31171 
31199 
31117 
31354 
31383 
3l3ca 
3l337 
3i364 
31391 
3?4i9 
31447 
37474 
3>5og 
3i539 
3i537 


9511)6 

93079 
93070 
93061 
95o53 
95043 
95033. 

95006 
94. 


9^79 
9*970 

94961 
9493* 
949IJ 
9-i93J 
9^9*1 
949<5 

,^^97 
y48eB 
9JB7S 
94SA9 

94S51 
94H41 
9ltl3i 

94B1I 
9-lSii 

54B05 

947g5 
94786 
94777 

^■i7ie 

947*8 

94749 
94740 

9i73o 
94711 
947" 

94703 
94^3 

9lf.84 
94674 
9466S 
94656 
9464fr 
94637 
94617 
94618 
94609 

94580 
945il 
945/11 
9.i55i 


71* 


19° 


Sine-  'Cotinp. 


31H7 
3l584 
3i!ii9 
3a6J9 
3a647 
31694 
31733 
3»T49 
33777 
J1S04 
3iB3i 
31959 
3i3«7 
39914 
31941 
39,69 

31997 

33o3i 
33071) 
33Toft 
33i3i 
33i6i 
33189 

33ii6  ,  

33^44 ' 9i3i3 
33171 ' 9i3o3 
3329!!  I  9419] 
333ibi 94384 
3335 J ' 94374 
3338 1  I  94164 

334o9  941SJ 


9453? 
9J543 
94S33 
9iSal 
945i4 
945at 

^ 
94476 
94466 
94457 

94438 
944IS 

94409 

9JJ9D 
94380 

94351 

9.iJ4l 
94331 
94.331 


33436 
33463 
33490 


9J145 
94135 

94111 


335iB  94111 
33345 : 9410b 

33S7J ,  lii^ 

336oD  941S6 


3361, 
336Si 
33681 

33710 
33737 
33764 
33791 
33319 
33846 
33874 
33901 

lll^ 
339flJ 
34?il 
34a3» 
3406S 
34093 
34110 
34147 
34173 
34101 


Cniat,  Blu. 


94176 
9f67 
9('57 

9^47 
91137 

g41l« 

9410a 

940^ 
94078 
9jo6» 
94059 
94049 
94039 
94019 
94019 
94009 


NATLTlAI.  SINEXS  AND  COSLNTB. 


T*BLK  in. 


•1 

30 
31 

ai 

33 

3i 

a'i 
af> 

II 
*f 

Jl 

ii 

U 
J5 

39 
So 
4i 

41 
4^ 
U 

46 

Si 
Si 
U 
54 
Si 
S6 


bo 


Biiw,  Cull*. 


3^303 

J43l  1 
]4.U, 
343IVk 
34li)] 
,i4-i>( 
3444* 
3447' 

J4IJC1 
34ii-! 
343S4 

Ufii(i 
J46«t 

3Aftgl 

341 »[ 
34175 


5.1949 
931)09 

y3859 
IJ384Q 

•J 


Jjfjii  I  9-i7oH 

.34y'i ' 

J  Soil  i)30ti7 


J1o,(S 
33071 
J5i<)} 

J5i55 

35sW 
33jc,3 
353 10 
35347 
35375 

35jl9 

35511 

35518 

3i6lq 
35647 
-15674 
35ioi 
35718 

3383T 


■>il47 

9J(w2 

93'jo6 
i>3iQ6 

n3S63 
93455 

9533.1 
93514 

93  k3 
9I49I 
93463 

93471 
934C>» 

f/3441 
93.l3l 
91410 
93410 
9j4oc> 
93J89 
93379 

tmn 

1^338 


21' 


Bloc  (Mm. 


Cnine.  Bis*. 


en" 


15837 

3  mi 
35891 

3^lS 

J5>i45 

35973 

Jtooo 

3(ioii 

3(H>Si 

-l(.l3j 
36ibi 

36U4 

36^71 
36398 
36335 
3(.35l 
3iJ79 
36400 
3'>43i 
3M6i 
J04B8 
363  ■  5 
3b54i 
36360 
3/j5u6 

m-n 

3f>7ai 

36i3i 
3(.75S 
3()7BS 
36Bta 
36B39 
3*867 
3M(ji 
3(1931 
3694s 
369J5 
37001 
37030 
37056 

37083 
37"(i 
37137 

37164 
37191 

37!i« 
37345 
3737* 

31399 

373ji 
3735J 
3l38a 
37407 
37434 
37461 


Qj3.ie 
93337 
91357 
933 1^ 
93306 
oJsnS 
flJlM 
fjii-ti 
03364 
9!?53 
91J43 

g3*t3 
9)111 
9)201 

9]]  no 
93180 
9)169 
9Sl3.i 
q3u!* 
93' 37 

9)1 1^ 
9I106 
g3irg5 
93i>fl4 

93oi> 
g3ic43 

9^03 1 
93i>10 
930-10 

9 19  IB 
9»97B 

m<n 

93gW 

9:515 
93935 
9!,M 
959  [3 
9390:1 

93BBJ 
9J870 

9'S4q 
9»H38 
93837 

9?S|6 
93805 

91773 
93762 
93751 
91740 

93716 


92" 


l^DC.  EtDt, 


89" 


film.  Cwine, 


37461 

J7S4a 

3751- 
3759; 
)76a3 
J76jg 
4767^ 
37703 
377^ 
17757 
3770.1 
37811 

37S65 
37^93 

37919 
37946 
37973 

38o53 

3»I07 
3fii.l4 
)S[6i 

33ij5 
33941 
m(S 

38333 
38349 
3837(5 

ma 

)B.i3o 
3S456 

m\c, 

38337 
3S>64 

3B<ii7 

mu 
381671 

J869H 
18735 
1S7S1 
38778 

38eo5 
38833 
3885n 
3S8SS 
39911 
3S939 

3B993 
39030 
39446 
3907! 


160  9101 


ir|J701 

93697 

^a6»n 

S3(*4 

93633 

91641 

93631 
936:0 

9J5a7 
9357!) 
92565 
93534 

97543 
91532 
93531 
93Sio 
93405 
99488 

93«7 

93455 
93444 
9343  i 
93411 

9341 D 

93)99 

933!ie 

l)33(.i'' 
92JJ5 
9S3J3 
93)33 
9?))i 
g3)li^ 
93109 

9sa54 
93143 
93331 
gli-io 

9iii>9 
93iua 

93175 
93164 
931^3 
93141 
911  Jo 
91119 
91107 
9?oo(j 
9i6« 
91073 
91063 
9aa5o 


CalM.  SiiH. 


61° 


3,>073 
39100 
39117 

3i>ifto 
39:07 
)9)3.i 
39160 
39>8l 
39314 

VJ' 

39J£J 
39394 

3,i3  1 

39448 
39i74 
395a  I 
393  if 
3,555 
.^958 1 

39613 
3(,6'.i  1 

3y7l5 
3974 1 
J97(-8 

3i>X.|8 
39*75 

1990^ 

.1995B 
3.^55 
3(wKv 
4oo-o8 
41W35 

loo  8b 
401 1 5 
4dI'1[ 
1ai68 
401  (]5 

4UJ75 
4o3oi 
io3iS 
4c»)55 
40JB1 

404iU.H 

4ol3^ 
40461 
404^8 
4n5i4 
4o54l 
40S67 
4*594 
4i>6}i 
4if647 
40674 


94' 


9l5'rfi 
9 1 555 

9i53i 

9i5i9 
9i5i* 


"JMlT 
9141 5 
9i4tJ 
qUOI 
t)i]9a 


4149*. 
4l5)J 


4iS4j) 
41S66 

41891 
4t9lo 
4191* 


I  9i3o-  I  fit! 


n 


|6 


15 


2B  = 


Sine.  iCoaine,     SiiM.  Coiinc 


S3' 


43077 

413  3'. 

jillo 

4iiiH 
434^3  ■ 

4347'  ' 

4l5sJ 
43349 

.Html 

4Jf>5i 
43630 
4J:d4 
43733; 
4^73? 
43:85 
43^11 


001 46 

903.91  ' 
90106  , 
aoirfi 

f/oi  7 1 
r^ai  Si . 
na  [  4<j 
90133 
90150 
90108 
50095 
90083 

9O05t 
9»>P 

900 
8^43 


43  931 
43^163 
l3B8n 
43916 

43968 

t39q4 
44oia 

44073 
44098 

4^134 
44 1  Si 
44 '77 
44103 
44339 

441^5 
4438. 
44307 
44333 
443^9 
44383 
44411 
44437 
4J461 
44 1^ 
i43l6 

449J3 
44568 

4J594 
446S0 

44646 

446q3 
44774 
41t5o 

44*os 
44^1  J  S 
44834 
4jSSo 
44906 
44933 
44959 
44954 
45oig 

43o36 

4S061 
4m83 
43114 
43 140 
43 160 
45 '93 
4S31S 
43343 
43260 
43 105 
ii}3t 
ibUj 
43373 
45399 


8957  g 

P9S67 
84834 

B9841 
898*9 
8^1  & 
69803 

69713 

89674 

8.3641) 
fe;6J(, 

Bg5io 

eg5H4 

8:j54S 

Bg5i7 
89306 
fly493 

89450 

89454 
89441 

Snlti 

Bo4li 
89403 

a 

P93J7 
B93W 

P9J45 

89119 

89c  »o 

8(ji4o 
89117 
8qfi4 


87" 


9i9B,  CoHDO. 


45451 

45519 

45534 
45i8o 
456o6 

4S6SS 

45684 
45710 
45736 
45761 
4578T 

45Si3 
45939 
45B03 
45991 
459 '7 
45943 
459<>3 
45994 
46010 
46046 
46071 

46133 

461  jfl 

46101 
46136 
4Ci35i 
46178 
46)04 

46J55 
46381 
45407 
46433 
46458 
46484 
465 I'D 
46536 
46S61 

46581 
4661  j 
46639 
46664 
4669* 
4Q7i<' 
4674a 
46767 
46793 
4C1810 
46S44 
46*70 
46896 
4691 ' 

4(-9n 


S8S75 
88H61 
sm>i 

88835 

sseii 
mo5 
88795 
897S1 

S«i68 

88755 
88741 

8S7»8 

887^1 

S8653 
98674 
&8661 
&S647 
ftS634 
SS630 
88607 

S95So 

S3353 

mio 
mi2 

88499 
884B5 
B9471 
BS45a 
88415 
8843  ( 
884(7 
88404 
88300 
88317 
883^3 
B8349 
B8j36 
8S3J1 
8330,"! 
9Sa95 


SB" 


SiM.  CoiiBP. 


46Q47 
46573 
46999 
470H 
470S0 
47076 
47101 
47117 

471 5i 

4717a 

47104 

47110 
4795s 
47381 
47306 
47331 

47353 
4739J 
47.109 
474I4 
47460 
474S& 
47Sii 

475I7 
47S6» 
47588 
47614 

47439 
47665 
47690 
47716 

47741 
477&7 

^VPl 
47818 

47844 
47869 
478,5 
47930 
47946 
479T 
47997 
46q31 
48049 
48073 
4fo99 

48134 
48(50 
48175 
4Slai 
48116 
4e33> 
46377 
483ol 
48318 
48354 
4837, 

484o:> 
48410 
49456 

4!?49i 


88lo5 
BSi:^! 
BBa67 
S&154 
S8340 
8S936 

88105 
8SiB5 

eB)73 
881  ie 
6S144 

BSi3d 

mi-i 
Haio3 
88089 

B3075 
mM 
8804K 

83o34 
88030 
eSoo6 
87993 
«T979 

87965 

8,p, 

87937 
|T9ai 

87S6S 
87854 
87840 
87336 
87811 
fi710H 
877^4 
67770 
B7756 
87743 
87710 

8771? 
87701 
87^87 

B7r.5o 
87'.ji 

875111 

87546 

Hi  :i  )3 

87504 
87490 
87476 


33° 


Bkna.  Coaiw. 


48481 
4flio6 
48S31 
48557 
iSiSi 
4B608 
48634 
48669 
48M4 
48710 
48735 
48761 
41*786 
4881 1 
48937 
4886a 

48883 
48913 
48939 
4M4 
4S989 
49014 
49040 
49063 
49D90 


3746) 
87448 
87434 
87410 
87406 
S7391 

im 

i]in 
87JU 
87306 
87191 
87178 

e7»i 
67150 

87135 
87111 

87136 
^711' 


49I  iSl S^ioj 


49141 

47199 

49f  7 
49343 

49168 
49393 
49318 
49i4-i 

ir^ibfj  I  86964 
4939.1  ;  l^^t 
4^4 If;  H'jijiJ 


87093 

& 
67o5a 
87036 

87M1 

86979 


a" 


49470 
49495 
493^1 
475.16 
4.>i7i 
49J90 
496,3 

49^47 
49'>7* 
49697 
49713 
i97JS 
49773 

49795 
49S34 

4n«49 
41^-4 

■IvVV . 
49914  8'j646 
49960  . 86631 
49975  186617 


5*911 
B6906 
6GS93 

86873 

86,U4 
868  »> 

8fi3o5 
86791 
B67J7 

867*8 
86733 
86719 

86^90 


6a 


S5 
54 
51 
5i 
Si 
So 

2 
45 

44 
43 
41 

41 

40 


35 
34 
33 

39 
3i 

3o 


35 
34 

i3 

33 
31 

ac 

\t 

'1 
10 

|5 

14 

i3 

■9 
II 

10 


NATURAL 


SIS  lis  AND 


COSOfSK 


•> 

lu- 

1 1 
I] 

]} 

14 
|5 

tf> 

]l 

to 
II 
1} 

l} 
*i 

lb 
II 
II 

3, 

ii 
31 
3i 
J5 
36 

ll 
J, 
40 
il 
it 
IJ 
41 
45 

46 

5i 
5i 

51 
5i 

5i 

■id. 
II 
t 


Sonon 
3oog3 
Socio 
Soo^fi 
Soicit 
5oi}6 

^0176 

5os27 

5olW 
ioiTH 
io5o3 

507  oi 
5ci7H 

Soft  J  q 
5o379 
50955 

iioai 

ii079 
it  fig 

inSi 
5nT5 

1 1 179 

5l3aq 

3(375 
31404 


m>o3 

mm 
mi3 
mia 
mu 

B650I 

86486 
86471 

86457 

t«,437 
064j3 

S636.i 

86354 
86  340 
S6335 
S6Jia 
365o5 
S6j8i 
86366 
S6j5i 
86J37 

86J07 
8619J 
S6178 
»6l(i3 

S6irf8 
'  S(>lJ3 
'  K>ri9 
86to4 
«6o9q 
66074 
B6o5n 

S(,o^o 

B6w) 

851970 
85941 
B5am 

smi 

65f<66 

BS836 
ft583i 

ft579S 
tti777 

&57.17 
fi573» 
85117 


Con  OB,  B\ar, 


£9° 


sine,  jciwlni'. 


5l53ri 

5.554 
51S79 
5lfiD4 
5.633 
5.653 
3.673 
5.703 
5.7^3 
517S3 
51778 
5ieo3 

5i85j 
5.S77 

5 '977 

5]o5i 
S1D76 
5!ior 

5s  116 
5ii5i 
5^175 

53200 
53350 

5^=75 

5l5g9 
5!3a4 
51.1^9 
53374 

lliti 

5:^473 
5^98 

5i547 
52371 

59fi3l 

ii*46 
53^.71 
51696 
53730 
53745 
53750 
5J794 
53S19 

5589.3 
539ta 
53943 

5=99' 


GoiiM-  Etna 


857-1 
8570a 
85687 
85673 
85657 
85443 
85657 
856.3 
8Si«7 
855Sa 
8S5(,7 
S555. 
85536 
&55!i 
85506 
9549:1 
85416 
854^ 
85446 
9543] 
954.6 
8S401 
35335 
as  379 
85355 
85340 
95355 
35310 
8S)o4 
95"9 
85]<!i4 

S5v3i 
SSj.8 
853o3 
S5i9S 
S5n) 
85.^7 
Pi.  4a 
85ii7 
Bit  12 
85046 
85dS'i 
85o66 
85o5. 
8So35 

85o;o 
aSooS 

94974 
H>A 

849  iS 
84913 

84897 
94.8S3 
a^W) 

mib 
At8;Q 
348<iS 


82' 


5)017 
53od( 

5Jo66 
5Jogi 
53. |5 
53I40 
53.64 
53.89 
53314 
53  J  39 
5!s'j3 
51389 
533(3 
53337 
5iJ6i 

53J86 
5)411 

53435 
534^10 
53J34 
53  son 
5353d 

am 

53583 
53607 
53Ua 
53656 
536ar 
53705 
5l73o 

«75t 
53770 

53So4 
53838 
53853 
53877 
53«i3 
S3936 
53951 
53975 
54«oo 
54034 
54049 
54073 
54«97 

54.46 
54171 

5419S 
545  20 

54344 
54)60 
54593 
54J17 

5iJ4a 
54366 
5439. 
544 1 5 
S4440 
54464 


R4S0S 
847  8<) 
84774 
84739 
P.i743 
81-!JJ( 
847.3 

846S0 
fH635 
HiOl<i 
84604 
845S8 
94573 

84557 
84541 
84516 
Ri5l. 
S4405 


84464 
84448 

84433 
844.7 
844nJ 
84.1  a6 
84370 
S4355 
64339 

84334 
S43d8 
8419J 
843  J7 

84)45 
84U0 
84)14 

S4.n8 
84181 
84167 

84.5. 
84.33 
84.30 
84.04 

s.tm 

84073 

84037 

aioj5 

83^4 
93r,7fl 

839  46 
83930 
e3n.5 
83Sm 
83SS3 
83S67 


Cuiini>.  Sill*. 
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